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FOREWORD 

This document provides a summary of the existing site characteristics and environmental 

data related to contamination in three off-site reservoirs: Great Western Reservoir 

(Site 200), Standley Lake (Site 201), and Mower Reservoir (Si , The sediments in 

these reservoirs contain low levels of plutonium as a result of p ivities at the Rocky 

Flats Plant. A qualitative evaluation of the human health risk ed with plutonium 

contamination in these three reservoirs is provided. 

This report has been prepared to fulfill the requirements e draft Interagency Agreement 

(IAG). The required actions for each reservoir under the IAG are: (1) "Submit all known 

and accumulated data describing, detailin efining contamination within the reservoir(s) 

and tributaries of the reservoir(s) inch  surface and groundwater sources," and (2) 

"Submit a health risk assessment documenting the risks derived from all potential 

exposures with a no action alternative for remediation of the contamination." 

The available data were collected over several years and have not been validated in 

accordance with owever, it is believed that the 

validation of thes cient specificity or quality to 

support a rigor0 ntification of hu . Therefore, at this time, a 

qualitative evaluation is provided. The re ted in this report will be used as part 

of the scoping activities for the remedial n (RI) work plan to be prepared for 

sites 200-202. Data that wi cquired in the RI sampling and analysis phase will allow 

a rigorous quantitative hu 

t quality assurance protocol 

would show that they are no 

ecological risk assessment to be performed. 
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EXECUTIVE SUMMARY 

This document provides a summary of the existing site characteristics and environmental 

data related to contamination in three off-site reservoirs: Great Western Reservoir 

(Site 200), Standley Lake (Site 201), and Mower Reservoir (Site 202). The sediments in 

these reservoirs contain low levels of plutonium as a result of activities at the Rocky 

Flats Plant. A qualitative evaluation of the human health ris d with plutonium 

con tamination in these three reservoirs is provided. 

This document for sites 200, 201, and 202 of Operabl nit No. 3 (OU 3) was prepared 

in response to requirements in the draft Interagency Agreement (IAG) between the U.S. 
Department of Energy (DOE), the U.S. Environmental Protection Agency (EPA), and the 

Colorado Department of Health (CDH The IAG identifies the following primary 

objectives for this report: 

1. Submit all known and accumulated data descri 
ithin the reservoir(s) and trib 

g, detailing or defining 
of  the reservoir(s) 

and ground water sources, and 

2. a health risk assessment doc 
1 exposures associated with a 

nting the risks derived from all 
tion alternative for remediation 

contamination. 

After evaluating over 30 documents co g data relevant to sites 200-202, it became 

evident that it would be impractical to he existing data to this document. The IAG 

data submission requirement is addres mmarizing pertinent data in Section 2.0, by 

identifying specific data sources for each site in Table 2.1, and by including a bibliography 

listing general re vailable documentation of data for sites 200-202 

(Section 6.0). It a1 arent during the review of the data that the specificity and 

quality of existing information are insufficient to perform a rigorous quantitative human 

health risk assessment. In order to utilize data in a quantitative health risk assessment, the 

data must be validated, either by utilizing the EG&G Environmental Restoration Program 

data validation procedure or by collecting additional samples to verify that the data are 

representative. As a result, this document presents a Qualitative Human Health Risk 
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Assessment (Section 4.0) which evaluates release mechanisms, transport mechanisms, and 

exposure routes associated with sites 200-202. 

While a quantitative risk assessment is needed to satisfactorily evaluate potential exposures 

to the public, the qualitative assessment presented in this report provides information which 

will enable future data collection activities (e.g. Remedial Inv ations) to focus on the 

most significant exposure pathways. The following discussio vide a brief summary 

of the information provided in this report in support of objectives listed above. 

Sites 200 (Great Western Reservoir), 201 (Standley L , and 202 (Mower Reservoir) 

comprise three of the four sites within Rocky Flats Plant (RFP) OU 3. The three reservoirs 

are located outside the eastern boundar FP. Great Western Reservoir serves as 

the municipal water supply for the City o field, while Standley Lake supplies water 

to the cities of Thornton, Northglenn minster. Mower Reservoir is a much 

smaller, privately-owned impoundment used for agricultural pu 
and irrigation). 

.e., cattle watering 

Past environmental investigations of Great Wester voir and Standley Lake have 

shown that plut concentrations in the bottom ents of both reservoirs exceed 

estimated background (nuclear testing fallout) con ns. The elevated plutonium 

concentrations are attributed to historic orne (fugitive dust) and waterborne releases 

from the RFP. These releases resulted y from routine RFP operations in the 1950s 

and 1960s. Pollution contr measures implemented at the RFP since this time have 

effectively eliminated the s ce of the plutonium. In addition, surface water control 

measures now prevent runoff and effluent from the main RFP production facility from 

reaching the reserv Studies to assess the impact of past RFP releases on these two 

reservoirs have co d the following: 

Routine water quality monitoring indicates that water quality in the two 
reservoirs has not been measurably impacted by the plutonium in the 
sediments. 

Plutonium is the only contaminant of concern in the reservoirs attributable to 
RFP releases. 
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A discrete plutonium-bearing layer of bottom sediments in both reservoirs has 
been covered by subsequent sedimentation. The highest plutonium 
concentrations are believed to occur in the deepest areas of each reservoir. 

Plutonium’s high affinity for clay effectively immobilizes it in the sediments. 
No evidence of post-depositional migration through the sediment column has 
been detected. 

Plutonium concentrations in Mower Reservoir have not been st 

land surrounding Mower Reservoir is known to ha 

particulates from the RFP. The reservoir is fed by a 

flows from the RFP and is also a possible historical s 

m Woman Creek, which 

nium in Standley Lake. 

The results of the qualitative risk ass t (Section 4.0) indicate that airborne 

reentrainment of exposed sediments is the redible environmental pathway that could 

impact the public. However, it is not possible to evaluate the potential risk to human 

health associated with this 

assessment. 

sure pathway without perfor ing a quantitative risk 

The information presented in this report points to t 

about sites 200-202: 

lowing additional conclusions 

The concentrations of plutonium in the sediments in areas of highest exposure 
potential (Le., near-sho eat Western Reservoir and Standley Lake 
are above background, the CDH guideline for plutonium in soil 
of 0.9 picocurie per gr 3 becquerel per gram (Bq/g)). The data 
supporting this c 

No data have been collected to assess plutonium concentrations in Mower 
Reservoir sediments. Recause general site conditions and contaminant sources 
for Mower Reservoir appear similar to those for Great Western Reservoir and 
Standley Lake, it is expected that Mower Reservoir sediment plutonium 
concentrations are not significantly different than those in Great Western 
Reservoir and Standley Lake. 

Of the ten potential exposure pathways identified for the reservoirs, the 
airborne pathway from reentrainment of exposed sediments is the only credible 
pathway that will convey plutonium to human receptors from sites 200-202. 

lusion, however, have not been validated. 
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Airborne plutonium concentrations measured by air monitors downwind of 
sites 200-202 have remained well below the 0.02 pCi/m3 (0.0007 Bq/m3) 
standard set by CDH. 

Residential tap water derived from Standley Lake and Great Western Reservoir 
is routinely analyzed for plutonium. Results consistently indicate that 
plutonium concentrations are well below CDH drinking water standards. 

Plutonium is strongly adsorbed to the clay-rich sediments typical in 
impoundments near the RFP. plutonium in the 
reservoir sediment columns is effectively i 

Studies have shown th 

It is recommended that additional data necessary to su 

for sites 200-202 be collected. Additional data needs are identified in Section 4.1 1. The 

data will be collected during future Re vestigation activities, This report will 

serve as the basis for the Remedial Inve scoping process. 
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LIST OF DEFINITIONS 

Completed Exposure Pathway': The route a chemical or radionuclide takes from a source 

to an exposed organism. A completed exposure pathway describes a discrete mechanism 

by which an individual or population is exposed to a chemical or radionuclide originating 

from the site. Each completed exposure pathway includes a source, a transport medium, 

a mode of uptake, and a receptor. 

Data Quality Objectives': Qualitative and quantitative statements to nsure that data of 

known and documented quality are obtained. 

Data Validation: The quality assurance process of revi ng sample collection methods, 

sample handling and preservation, sample documentat and analytical procedures and 

results to evaluate the accuracy and reli f data. Data are then classified as being 

quantitative, qualitative, or unusable. 

Detection Limit': The lowest value th 

noise of a given analytical i 

reliably detected above the background 

0 Health Risk Assessment: T ological releases from a site 

blic health thkeats resulting fr 

essment: An estimate of the likeli f an adverse health effect by 

re and dose respo 

Quantitative Risk Assessment: Based on 

an individual will develop cancer over a 1 

intakes and chemical/radionuclide-specific dose response information. 

Risk: A unitless probability of an individual being affected by an event. 

Risk Coefficient: For purposes of this document, a unitless probability of an individual 

developing cancer from a chronic daily intake of plutonium averaged over seventy years. 

in a non-numerical manner. 

eted exposure pathways, probabilities that 

of exposure are estimated from projected 

0 I Definitions from the EPA Risk Assessment Guidance for Superfund (EPA 1986b). 
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1.0 INTRODUCTION 

This document summarizes available historical information and presents a qualitative 

human health risk assessment for sites 200 (Great Western Reservoir), 201 (Standley Lake), 
and 202 (Mower Reservoir) of RFP OU 3 (Off-Site Releases). OU 3 is unique among 
Rocky Flats operable units in that it is located outside the RFP boundaries. These 

reservoirs have been the subject of numerous environmental studies and monitoring 
programs aimed at determining the extent to which as been impacted by releases 

from the RFP. The RFP is owned by the DOE and or-operated by EG&G Rocky 

Flats, Inc., as a nuclear weapons research, developm roduction complex. The RFP 
is situated on 6,550 acres (2,653 hectares) of federal property 16 miles (26 kilometers) 
northwest of downtown Denver, Colorado (Figure 1-1). 

In addition to the three reservoirs, OU 3 also includes site 199 (Contamination of the Land 

Surface). Site 199 is the 
CDH for review on Octob 

t of a Remedy Report which was itted to EPA and 

1.1 PURPOSE AND OBJECTIVES 

The purpose and objectives of this report are derived p from the draft IAG between 

the CDH, the EPA, and the DOE (EPA, 1989a). The IAG identifies the following primary 

objectives for this report: 

1. Submit all known and accu 
contamination within the res 
surface and ground water sources, and 

d data describing, detailing or defining 
and tributaries of the reservoir(s) including 

2. Submit a health risk assessment documenting the risks derived from all potential 
exposures associated with a no action alternative for remediation of the 
contamination. 

After evaluating over 30 documents containing data relevant to sites 200-202, it became 

evident that it would be impractical to append the existing data to this document. The IAG 

data submission requirement is therefore addressed by summarizing pertinent data in 

Section 2.0, by identifying general references and specific data sources for each site in 0 
RFPamo.200 1 11 /05/90 



Table 2.1, and by including a bibliography listing available documentation of data for 

0 sites 200-202 (Section 6.0). 

The specific objectives for this report are listed below and are based upon these two 

primary objectives of the draft IAG: 

Describe reservoir site physical and chemical characteristics 

Provide a synopsis of environmental studies conducted to d e at the reservoirs 

Formulate a conceptual model for conta t fate and transport from the 
reservoirs 

Cite evidence to support or invalidate the conceptual model for each reservoir 

Provide a preliminary qualit alth risk assessment for the reservoirs, 
focusing on a no-action alterna 

Identify additional data neede ort a quantitative risk assessment for each 
reservoir. 

a 1.2 

The current iter f the IAG (August 1990) gro 

t the RFP into sixteen Operab 

esignated OU 10. 

vidual Hazardous Substance 

ts (OUs), one of which is OU 

OU system has emerged from 

public comment and redevelopment of t 

from ten to sixteen and changed their r 

G, which has increased the number of OUs 

order of priority. 

The basis for the scope of work for investigation and remediation of RFP OUs is the IAG, 

which specifies an approach tailored to the particular requirements of the RFP. All 

response activities performed by the DOE under the IAG are to be consistent with 

applicable requirements of the Comprehensive Environmental Response, Compensation, and 

Liability Act (CERCLA), the National Contingency Plan (NCP), the Resource Conservation 

and Recovery Act (RCRA), the Colorado Hazardous Waste Act (CHWA), and pertinent 

EPA guidance documents, and the National Environmental Policy Act (NEPA). 
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Great Western Reservoir is used as part of the municipal 'water supply for the city of 

Broomfield, while Standley Lake provides water for the cities of Westminster, Thornton 

and Northglenn. Federal and state water quality standards applicable to drinking water 

supply sources are monitored at these reservoirs through routine sampling and analysis. 

Local governments participate in public review of RFP plans and proposals as part of their 

involvement in decisions about RFP activities which may impact Great Western Reservoir 

or Standley Lake. Mower Reservoir is a much smaller, privately owned impoundment used 

for agricultural purposes (Le., cattle and irrigation). hough not actively monitored, 

Mower Reservoir water quality is governed by CD ater quality classification and 

standards for the South Platte River basin (CDH, 1990b). 

1.3 REPORT ORGANIZATION 

The remainder of this report is organized e following sections: 

Section 2.0 provides a disc f site characteristics and history, and 
200,201, and 202. 

escription of the site conceptual model used in the 

summarizes env' 

Section 3.0 pro 

ntal studies conducted to date at sit 

qualitative human health risk assessment. 

Section 4.0 provides a qualitative huma lth risk assessment, including 
identification of data needed to conduc uantitative human health risk 
assessment. 

Section 5.0 provides conclusio recommendations. 

Section 6.0 provides a bibliography and references. 
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2.0 SITE BACKGROUND AND DESCRIPTION 

The RFP fabricates metal components for nuclear weapons from plutonium, uranium, 

beryllium, and stainless steel. Support activities include chemical recovery and purification 

of recyclable transuranic radionuclides, and research and development in metallurgy, 

machining, nondestructive testing, coatings, remote engineerin chemistry, and physics. 

These operations generate nonhazardous, hazardous, radioacti 

waste streams (DOE, 1987). The 400 acre (162 hect 

RFP is surrounded by a 6,150 acre (2,491 hectare) b 

boundary (Figure 1-1). 

facility of the 

The three OU 3 reservoirs are outside th ern boundary of the RFP (Figure 2-1), 2 to 

4 miles (3.2 to 6.4 kilometers) from the eduction facility, and are downgradient and 

generally downwind of the plant. Each of these reservoirs has received some of its water 

from drainages flowing from e RFP during the operating history of the plant. Surface 

water control measures now prevent flow from the main production 

0 the reservoirs. 

Environmental studies conducted to date of Great Wes eservoir, S tandley Lake, and 

off-site reaches of Walnut and Woman Creeks have i ted the aquatic environment, 

sediments, and/or water quality in the r s and drainages. Often several of these 

topics are addressed within the scope of a study. Most of this work has focused on 

the presence and concentration of transuranic elements, primarily plutonium. Routine water 

quality monitoring is conducted by a number of agencies at Great Western Reservoir, 

Standley Lake, and streams discharging to the reservoirs. The RFP also monitors water 

quality in effluent discharged from the plant. The results consistently indicate that the 

water quality stand s set forth for effluent from the RFP in the RFP National Pollution 

Discharge Elimination System (NPDES) permit are being achieved, and that nonradioactive 

contaminants from the RFP have not measurably impacted sediment and water quality at 

the reservoirs. Sections 3.0 and 4.0 are based upon the conclusion that radionuclides 

(specifically plutonium and its decay product, americium) are the only contaminants of 
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concern in Great Western Reservoir and Standley Lake as a result of releases from the 

RFP. In the absence of site-specific data, the conclusion that radionuclides are the only 

contaminants of concern is applied to Mower Reservoir, since the mechanisms for any 

RFP-related contaminants to enter Mower Reservoir are likely to be similar to those for the 

other reservoirs. 

The following sections summarize available information about tions, ownership 

and usage, past environmental investigations, and current water quali nitoring for each 

of the three reservoirs. Most of these data have not been validated and may not be of 

comparable quality owing to different methods of le collection and analysis. 

Information cited in the following sections will be used to support the Conceptual Model 

of Contaminant Fate and Mobility in S on 3.0, the Qualitative Human Health Risk 

Assessment in Section 4.0, and the Conc ns and Recommendations in Section 5.0. It 

became apparent during review of the exi data that the specificity and quality of these 

data are insufficient to perform a rigorous quantitative risk assessment. In order to utilize 

data in a quantitative health risk assessment, the data must be validated as being 

"quantitative," either by using EG&G data validation procedures or by collecting additional 

samples to veri e existing analytical data are 

of unknown quality and are not being used to suppor antitative human health risk 

assessment, these data are not specifically cited in th rt. Table 2.1 lists available 

documents containing relevant analytical for the three reservoirs, as well as documents 

summarizing the results of routine air qu and water quality monitoring at and near the 

RFP. This table is keyed to the Bibliography and List of References in Section 6.0. 

Studies listed in Table 2.1 and Section 6.0 contain analytical data to support their 

conclusions. While many of these conclusions are presented in this report, the reader 

should note that the underlying data may not meet current EPA, CDH, and DOE quality 

standards. 

at the data are representative. Bec 
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2.1 GREAT WESTERN RESERVOIR 

2.1.1 Location and Description 

Great Western Reservoir (IHSS 200) is located approximately 1.5 miles (2.4 kilometers) 

east of the RFP’s eastern boundary in Sections 6 and 7 of Township 2 South, Range 69 

West (T2S, R69W) (Figure 2-1). The reservoir is owned by the city of Broomfield and is 

utilized solely for the city’s municipal water supply. Public ac s to Great Western 

Reservoir and the surrounding area is restricted (Broomfield, 1990). 

Pre-construction information for the Great Western Reservoir site was not given in 

available references. The original reservoir was built in 1904 as an irrigation water supply. 

The dam has been enlarged on several occasions, most recently in 1958. The present 

maximum height of the dam is 69 feet (ft) (21 meters (m)) (Hydro-Triad, 1981). The 

present reservoir volume is 3,250 acre-feet hectare-meters). The bottom and sides of 

the reservoir are unlined, meaning that the oir may be hydraulically connected to the 

ground water system in the area (Miller, 1 

0 The U.S. Army Corps of Engineers utilized data from two existing boreholes near Great 

Western Reservoir as part of a 1989 evaluation for a ace water interceptor system for 

the reservoir. In these boreholes, alluvium surficial sits are underlain by Arapahoe 

Formation bedrock at depths of 5 and 16 ft (1.5 and 4.9 m). Bedrock consists of 

interbedded sandstone, siltstone and c e and dips slightly to the east (Corps of 

Engineers, 1989). The Arapahoe Forma erages 250 ft (76 m) in thickness in the area, 

and is underlain by several hundred feet (approximately 100 m) of shale comprising the 

upper portion of the Laramie Formation (USGS, 1976). It is expected that a similar 

stratigraphic sequence underlies Great Western Reservoir. 

Great Western Reservoir is fed primarily by Clear Creek via Lower Church Ditch (USGS, 

1980). Until recently, the reservoir also received influent from the north and south 

branches of Walnut Creek, both of which flow from the RFP. The two branches merge into 

a single drainage within the RFP boundary (Figure 2-1). A nonradioactive release at the 

RFP in 1989 prompted construction of a Walnut Creek diversion, known as the Broomfield 

0 
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Diversion Ditch, just west of Great Western Reservoir. Walnut Creek flow from the RFP 

is now treated and diverted around Great Western Reservoir into the drainage below the 

reservoir outlet, where it combines with outflow from the reservoir. This effectively 

prevents runoff from the RFP main production facility from reaching Great Western 

Reservoir. Walnut Creek continues below Great Western Reservoir and eventually 

discharges into Big Dry Creek several miles downstream from the reservoir (USGS, 1980). 

Within the RFP boundary, the North and South Waln ek drainages contain the A and 

B-series holding ponds, respectively. Creek, there are four ponds 

designated A-1, A-2, A-3 and A-4, from west to east e 2-1). Ponds A-1 and A-2 are 

used only for spill control, and North Walnut Creek stream flow is diverted around them 

through an underground pipe. Pond A- ives North Walnut Creek stream flow and 

runoff from the northern portion of the R ond A-4 is utilized for surface water control 

and for overflow from Pond A-3 (Rock 

In North W 

Five retention ponds located along South Walnut Creek are designated B-1, B-2, B-3, B-4 

and B-5, from west to east (Figure 2-1). Ponds B-1 and B-2 are reserved for spill control. 

Pond B-3 receives treated effluent from the RFP san age treatment plant. Ponds 

B-4 and B-5 receive surface runoff from the central par e plant and routinely receive 

discharge from Pond B-3. Pond B-5 als llects overflow from Pond B-4 (Rockwell, 

0 

1988). 

From the opening of the in 1952 through approximately 1979, water containing 

decontaminated process an dry effluent was discharged through the B-series ponds to 

South Walnut Creek ckwell, 1988). Cooling tower blowdown and treatment system 

steam condensate we scharged to the A-series ponds, which feed into North Walnut 

Creek. These discharges contained low levels of radionuclides which accumulated in the 

sediments of the holding ponds, Walnut Creek, and Great Western Reservoir (DOE, 1980). 

The EPA concluded in 1975 that historic releases of contaminants from the RFP to Great 

Western Reservoir resulted primarily from the following activities (EPA, 1975): 0 
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Early operational practices at the plant (1950s and 1960s) 

Reconstruction of the holding ponds between 1970 - 1973, which resuspended 
pond sediments and released some of this material to Great Western Reservoir 

A 1973 tritium release from the RFP (Section 2.1.2.2) 

Airborne transfer of radionuclides (primarily plutoniu 

2.1.2 Environmental Investigations 

The following is a chronological summary of environmental studies conducted to date of 

Great Western Reservoir and off-site reaches of Walnut Creek. Reports associated with 

these studies are incorporated by reference into the bibliography in Section 6.0. 

t Western Reservoir was conducted by the 

EPA in September 1970. The results indicated that a layer of sediment containing 

plutonium above the EPA estimated baseline level of 50.1 picocurie per gram (pCi/g) 

(0.0037 becquerel per gram (Bq/g)) is present in the bottom of the reservoir (EPA, 1973). 

EPA attributes t onium to worldwide fallout from 

nuclear weapo g. The Walnut Creek inlet and the central section of the 

reservoir (leading t e dam inlet) contained the st amount of plutonium. The 

lowest concentrations were found in the h arm, the shoreline area between the south 

arm and the dam, and the western portio the north arm. 

stimated baseline concentration o 

EPA resumed their investigat of plutonium in surface water sediments east of the RFP 

in September 1973. This phase of the study further documented plutonium concentrations 

in Great Western Reservoir. Sediment samples collected both by dredging and coring 

indicated that plutonium above expected baseline concentrations was present over almost 

the entire bottom of Great Western Reservoir. The study attributed the plutonium to 

releases from the RFP. The maximum plutonium concentration detected was approximately 

40 times the 50.1 pCi/g (0.0037 Bq/g) estimated baseline concentration. The greater 

concentrations were found in the upper (younger) sections of the cores. The results 

confirmed the areal distribution of plutonium delineated by the 1970 study, except that the 
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highest concentrations were found in the deepest areas of the reservoir rather than in the 

Walnut Creek inlet area. It was also observed that plutonium-239 concentrations in the 

uppermost sediment layer increased significantly in the three years between the two studies. 

This increase was traced to an influx of sediment resuspended from the FWP holding ponds 

during pond reconstruction activities (EPA, 1975). 

The 1973 EPA study also sought to confirm the estimated pluton baseline (background) 

level by sampling sediments from Front Range reservoirs believed to be unaffected by the 

RFP. Two dredge samples were collected from Cherry k Reservoir, two from Marston 

Lake, and five from Ralston Reservoir. With one exc analysis of these nine samples 

yielded plutonium-239 levels well below 0.1 pCi/g (0.0037 Bq/g), substantiating EPA's 

estimated baseline concentration of SO. 1 pCi/g (0.0037 Bq/g) (EPA, 1975). 

In 1974, Battelle Northwest Laborato ucted an investigation of radionuclide 

concentrations in reservo ear the RFP. The results indicated that 

levels of plutonium-239, pl 0 and americium-241 in the sediments of Great 

Western Reservoir and s g into the reservoir exceeded "baseline levels" 

(presumably the EPA base otal inventories of plutonium 

and americium in reservoir sediments were estimated millicurie (mCi) and 73 mCi 

(9.02 and 2.7 GBq), respectively. Cesiu t or below expected baseline 

concentrations. Age-dated sediment cor is study from Great Western 

Reservoir demonstrated two separate pe sition, 1968-1969 and 1959- 

1964. Both periods coincide with recorded, controlled waterborne releases from the RFP. 

Worldwide fallout from atmospheric nuclear weapons testing may also have contributed to 

the plutonium in the 1968-1969 sediment layer. An additional finding was that decay of 

naturally-occurring ra m-226 in surface and domestic waters near the RFP represents a 

much greater relativ ntribution to public radiation exposure than does plutonium 

released from the REP (Battelle, 1974). 

Also in 1974, Colorado State University (CSU) conducted a study of plutonium in aquatic 

systems of the RFP environs. This study concluded that the clay fraction of RFP sediments 
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has an extremely high affinity for plutonium and, left undisturbed, provides an excellent 

retention mechanism for plutonium in the aquatic system. Laboratory studies related to this 

investigation showed that the adsorption of plutonium by the sediments was rapid and 

essentially irreversible (CSU, 1974). 

The RFP aquatic environment was also studied in 1975 by w Chemical Company. 
According to this study, plutonium in surface water imp dments is not readily 

transported from the impoundments. Consequently, the majority of the plutonium released 

through RFP surface waters has been contained in th site holding ponds. The Dow 

study also confirmed that concentrations of plutoniu ve EPA’s estimated baseline 

levels were present in Walnut Creek sediments and in the sediments of Great Western 

Reservoir. Plutonium concentrations eek sediments increased downstream, 

suggesting downstream migration of pl eleased at an earlier time. The highest 

plutonium concentrations in the reservoir were found near the Walnut Creek inlet 

and along the dam, where the highest sedimentation rates occur. The Dow study concluded 

that releases of plutonium from the RFP waste treatment plants coin ed with periods of 

high suspended solids in the influent from the creek and holding ponds (Thompson, 1975). 

Rockwell Inte of transuranic elements in the 

sediment on the Great Western Reservoir overflo ay in 1979 - 1980. It was 

determined that sediments ranging in d om three to nine feet had accumulated on the 

spillway in the fourteen years prior to t es. Levels of plutonium-239, plutonium-240 

and americium-241 in spi ay sediment samples were near regional baseline 

concentrations. Plutonium co trations did not exceed the 0.9 pCi/g (0.03 Bq/g) activity 

screening level adopted by the C H for soil. Plutonium and americium concentrations 

varied little with depth. This finding supported the conclusion that spillway sediments 

were deposited through a combination. of hillslope erosion, wave action and sediment 

mixing, rather than the continuous lacustrine deposition typical of the reservoir bottom 

deposits (Rockwell, 1979; Rockwell, 1980). 

nal conducted a two-phase investig 
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Sediment samples were collected from over 60 locations within Great Western Reservoir 

during a 1983 Rockwell International study. Sedimentation rates based on core samples 

were determined to vary from approximately 0.5 - 0.75 inches per year (in/yr) (1.3 - 1.9 

centimeters per year (cm/yr)), with the higher rates in the eastern, deeper portion of the 

reservoir. The study confirmed that plutonium occurred in a di nct sediment layer 

corresponding with historical releases from the RFP. It was cluded that sediments 

contaminated with plutonium in Great Western Reservoir had b overed by subsequent 

sedimentation, and that no evidence existed of post- itional migration of plutonium 

through the sediment column (Rockwell, 1988). 

0 

2.1.2.2 Reservoir and Drainage Water Qualitv 

Surface water quality in North and Sout nut Creeks and in Great Western Reservoir 

has been monitored since 1951 (Rock 1988). Analytical results for transuranic 

elements, ions, metals and organic compounds are maintained by CDH, the City of 

Broomfield, and the RFP, and are available through the CDH Rocky Flats Program Unit. 

Studies of surface water quality conducted since 1951 have reported transuranic element 

concentrations well below EPA drinking water stand @ 
A 1973 EPA st levels in water samples from 

Great Western Reservoir and Walnut Creek were essentially at baseline concentrations of 

<0.03 picocuries per liter (pCi/l) (<0.001 

concluded that plutonium and u 

(EPA, 1973). 

An accidental release of tri m in 1973 from the RFP into Walnut Creek and Great 

Western Reservoir was the s of another EPA study. EPA estimated that the release 

resulted in a total mitted dose of 4 millirem (0.04 millisievert) to the average 

individual using the oir as a source of drinking water. EPA found that this dose had 

minimal impact on public health and did not recommend any mitigative actions (EPA, 

1974). 

In 1974, Battelle conducted an investigation of radionuclide concentrations in reservoirs, 

streams and domestic tap waters near the RFP. Plutonium-239, plutonium-240, and 0 
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americium-24 1 levels in Broomfield tap water were substantially below EPA National 

Primary Drinking Water standards of 3,700 d p d  (62 Bq/l) for plutonium and 33 dpm/l 

(0.55 Bq/l) for total long-lived alpha activity (Battelle, 1974). 

Dow Chemical concluded in 1975 that, within the limits of sampling and analytical 

variation, reservoir and domestic water radiological contami tS  near the RFP were 

essentially at background levels (Thompson, 1975). 

The DOE published a final environmental impact state t for the RFP in 1980. Water 

samples were collected from several water bodies in icinity of the RFP, including 

Walnut Creek and Great Western Reservoir, for analysis of radionuclides. Tap water also 

was sampled in nine nearby communities. Plutonium and tritium concentrations in these 

samples were lower than the EPA standar drinking water (DOE, 1980). 

A 1981 Rockwell International report compared gross alpha and m levels in Great 

Western Reservoir water and €3 omfield drinking water with lev other local water 

bodies and drinking water su es. All comparisons (with the exception of plutonium in 

Ralston Reservo 1 water to be greater than or 

similar to those stern Reservoir and Bro drinking water. This report 

stated that, within the limits of analytical uncertaint uranics were present in RFP 

area waters prior to construction of the 

0 
of these analytes i 

in 1951 (Rockwell, 1981). 

The most recent available set of compiled and summarized surface water quality data is 

presented in the 1988 RFP annual environmental monitoring report (Rockwell, 1989). 

During 1988, maximum concentrations of plutonium, americium, uranium, and tritium in 

area drinking waters, and in samples from the Walnut Creek sampling station on the RFP 

east boundary, were below EPA and State of Colorado drinking water standards. 

The City of Broomfield samples Walnut Creek immediately east of the RFP on a monthly 

basis and tests for eight VOCs. An automatic sampler at the same location collects a 

composite water sample each week for gross alpha and gross beta analysis. Weekly 

0 
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samples also are collected by Broomfield from Walnut Creek below Great Western ~ 

Reservoir and analyzed for gross alpha and gross beta. Water entering the Broomfield 

water treatment plant from the reservoir is monitored monthly for eight VOCs. Treated 

Broomfield tap water is also monitored weekly for gross alpha and gross beta, and monthly 

for eight VOCs (CDH, 1989). 

The CDH monitors ground water in wells within the RFP along rn plant boundary 

on a quarterly basis. Samples from these wells are a d metals, VOCs, 

inorganic compounds, and radionuclides. CDH sampl of private wells east of 

the RFP approximately three years ago, but does not ro tor ground water quality 

outside the RFP boundary. CDH also conducts quarterly sampling of Great Western 

Reservoir for selected herbicides, pesticides, metals, base neutral acids (BNAs), and 

radionuclides. Broomfield water treatmen lant influent from Great Western Reservoir is 

analyzed weekly by CDH for selected ra uclides (CDH, 1990b). 

2.2 STANDLEY LAKE 

2.2.1 Location and Description 

Standley Lake SS 201) is a large reservoir lo d approximately 2 miles (3.2 

kilometers) sout st of the RFP’s eastern boundary re 2-1) in Sections 16, 17, 20, 

21, 22, and 28, T2S R69W. Uses of the reservoir i water supply and recreation. 

The reservoir has been owned by The ers Reservoir and Irrigation Company of 

Brighton, Colorado since its constructio een 1909 - 1919. Although the dam has 

undergone periodic maintenance and reconstruction, most recently in 1978, Standley Lake’s 

present volume of 43,000 acre-feet (5,300 hectare-meters) has remained relatively 

unchanged since its construction. Approximately 67 percent of the reservoir water is used 

as municipal water supply for the cities of Westminster, Northglenn and Thornton. The 

remaining 33 percent is transported through irrigation ditches to agricultural areas northeast 

of the lake, primarily between Broomfield and Fort Lupton. Standley Lake receives 

approximately 95 percent of its water from Clear Creek via an irrigation ditch, but is also 

fed by Woman Creek flowing from the southern side of the RFP (Farmers, 1990). 
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A geologic characterization of Standley Lake was performed by Mineral Systems, Inc. in 

1982 to provide data for the enlargement of the dam and reservoir. Bedrock outcrops at 

various locations around the lake consist of claystone with interbedded sandstone lenses, 

probably of the Arapahoe Formation. These units dip gently to the northeast. Overlying 

the bedrock are surficial deposits consisting of a series of alluvial te ces, colluvium, and 

minor other deposits (Hydro-Triad, 1982). No faults have been identified in the area. The 

Arapahoe Formation averages 250 ft (76 m) in thickness in the area, and is underlain by 

several hundred feet (approximately 100 m) of shal rising the upper portion of the 

Laramie Formation (USGS, 1976). It is expected similar stratigraphic sequence 

underlies Standley Lake. 

Within the RFP boundary, the Woman Creek drainage contains the two C-series holding 

ponds, Ponds C-1 and C-2 (south and e the main production area, respectively) 

(Figure 2-1). Pond C-1 receives flow fro ow is diverted around 

Pond C-2 and into the Woman Creek ch C-2 receives surface 

runoff from the South Interceptor Ditch along the southern side of the 

area (Rockwell, 1988). Pond C-2 water formerly wa 

P main production 

ischarged into the Woman Creek 

drainage in accordance with the National Pollution Di 

permit for the R Under a recent agreement 

Broomfield, wate 

an aboveground pipeline to the Broom 

accordance with an amended NPDES p 

is effective through 1990 (M 

runoff from the RFP main p 

limination System (NPDES) 

the RFP and the City of 

ow pumped from Pond C-2 into a treatment facility, then through 

Diversion Ditch, where it is discharged in 

The discharge agreement with Broomfield 

, 1990). These surface water controls effectively prevent 

tion facility from reaching Standley Lake. 

Radioactive materials eased from the RFP may have been transported to Standley Lake 

through surface water (primarily in suspended sediments) and/or airborne particulates 

(fugitive dust). Between 1952 and 1973, the RFP discharged water treatment facility filter 

backwash into Pond C-1, which discharges into Woman Creek. At present, only collected 

runoff and natural ground water seepage flow into the Woman Creek drainage (Rockwell, 

1989). 0 
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2.2.2 Environmental Investigations 

The following is a chronological summary of environmental studies conducted to date of 

Standley Lake and off-site reaches of Woman Creek. Many of the studies conducted at 

Great Western Reservoir (Section 2.1.2) also included Standley Lake. Reports associated 

with these studies are incorporated by reference into the bibliography in Section 6.0. 

2.2.2.1 Reservoir and Drainage Sediments 

The EPA sampled bottom sediments from Standley La results indicated 

possible areas of plutonium contamination above the e .1 pCi/g (0.0037 Bq/g) 

baseline concentration in the deeper areas of Standley attributes the estimated 

baseline concentration of plutonium to worldwide fallout from nuclear weapons testing, and 

concluded that elevated plutonium in Sta ke resulted from unspecified releases from 

the RFP (EPA, 1973). 

EPA resumed their invest ts east of the RFP 

in 1973. Analysis of Sta y Lake sediment samples yielded tw tonium detections 

above estimated baseline concentrations, but failed to confirm the 1970 finding of possible 

ion of plutonium in surface water sedi 

0 
contaminated areas within the reservoir (EPA, 1975) 

During a 1974 investigation of radionuclides in the sediments of reservoirs and streams 

near the RFP, Battelle Northwest Lab ries collected a single sediment core from 

Standley Lake. This sample contained p ium-239, plutonium-240, and americium-24 1 

above EPA estimated base1 levels. Based upon this single core sample, Battelle 

extrapolated total plutonium and americium inventories for S tandley Lake sediments at 60 

mCi and 18 mCi (2 and 0.7 GBq/g), respectively. The sample also suggested that 

cesium- 137 levels in andley Lake sediments were typical of atmospheric fallout baseline 

levels. An additional finding was that decay of naturally-occurring radium-226 in surface 

and domestic waters near the RFP represents a much greater relative contribution to public 

radiation exposure than does plutonium released from the RFP (Batelle, 1974). 
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Studies of plutonium in the aquatic systems of the RFP environs in 1974 and 1975 

concluded that: (1) plutonium rapidly and almost irreversibly attaches itself to clay 

sediments (CSU, 1974), and (2) plutonium in surface water impoundments does not move 

very far or very rapidly through subsurface waters, meaning that the majority of the 

plutonium released through RFP surface waters has been contained in the on-site holding 

ponds (Thompson, 1975). 

The DOE in 1978 correlated a sediment core from Sta 14-year period of 

time, which was then used to determine when pluton e reservoir. It was 

concluded that plutonium concentrations in the sediments have exceeded baseline levels 

since 1966, peaked in 1969, and have declined after 1969. The report attributed 70 percent 

of the plutonium in Standley Lake to es from the RFP and speculated that this 

plutonium was transported both by soil within the lake drainage basin (Le. surface 

water) and by airborne particulates (D 

Rockwell International conducted a study of Standley Lake sediments in 1984 to evaluate 

plutonium concentrations and to compare the results with previous work. The findings 0 
corroborated those obtained by the EPA and Battelle d indicated that plutonium had 

remained below EPA estimated baseline levels of 50 Ci/g (0.0037 Bq/g) since these 

earlier studies were conducted. The report also conc that plutonium contamination 

in Standley Lake sediments had been b subsequent sedimentation, and that post- 

depositional migration of plutonium the sediment column was not evident 

(Rockwell, 1984). 

In 1989, the CDH analyzed various species of fish collected from Standley Lake to 

determine if they were safe for human consumption. The fish were analyzed for selected 

metals, radionuclides (including plutonium-239, plutonium-240, and cesium- 137), and 

priority organic pollutants. No radionuclides were detected in the fish; however, low 

concentrations of cadmium, mercury, selenium, and the pesticides DDT, DDE, DDD, and 

malathion were detected in some or all species. The report stated that the source(s) of 

these contaminants was indeterminate, but that none of them were unique to the RFP. It 
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was concluded that the contaminants may have originated from a variety of sources in the 

watershed, including water diverted from Clear Creek, which contributes 96 percent of the 

influent to the lake (CDH, 1990~).  
0 

2.2.2.2 Reservoir and Drainage Water Quality 

The quality of surface water in Woman Creek and Standley L as been monitored on 

a regular basis by the RFP and the CDH. Studies of Standley Lake water quality to date 

have indicated that transuranic element levels are belo A standards for drinking water. 

Transuranic element concentrations are below detec imits in Westminster drinking 

water. Numerous publications list the results of ana for transuranic elements, ions, 

metals, and organic compounds, but little of this information has been comprehensively 

reviewed, evaluated, and summarized. st recent available set of compiled and 

summarized surface water quality data is ed in the 1988 RFP annual environmental 

monitoring report (Rockwell, 1989). The most current data are available through the CDH 

Rocky Flats Program Unit an 

Report. 

e City of Westminster Radiati onthly Monitor 

0 
A 1973 study by 

from Standley La 

(EPA, 1973). 

e EPA concluded that plutonium a 

ere essentially at baseline conce 

ranium levels in water samples 

ons of <0.03 pCi/l (0.001 Bq/l) 

Battelle Northwest Laboratories analyzed dley Lake water as part of their investigation 

of radionuclide concentration in reservoirs, streams and domestic waters near the EWP. 

Plutonium-239, plutonium-240, and americium-24 1 concentrations were above detection 

limits but below the EPA National Primary Drinking Water standards in Standley Lake 

water. These radionuclides were below detection limits in Westminster drinking water 

(Battelle, 1974). 

The final environmental impact statement for the RFP published sample analytical results 

from several water bodies in the vicinity of the RFP, including Standley Lake, and from 

RFPamo.200 17 11 io5190 



tap water sampled in nine nearby communities. Plutonium and tritium concentrations in , 

these samples were less than the EPA standards for drinking water (DOE, 1980). 

The Cities of Northglenn, Thornton and Westminster each monitor raw water influent from 

Standley Lake at their respective water treatment plants for VOCs, gross alpha and gross 

beta. Westminster also monitors treated (tap) water for gr alpha and gross beta. 

Woman Creek is sampled immediately east of the RFP bound ach month by the 

City of Thornton and analyzed for 59 VOCs. Anothe Woman Creek is 

sampled weekly for gross alpha and gross beta analysi y Lake water is sampled 

monthly near the Westminster treatment plant inlet an for 59 VOCs. Water is 

also sampled monthly near the Standley Lake dam at six different depths and analyzed for 

gross alpha and gross beta (CDH, 1989). 

The CDH monitors ground water in wells within the RFP along the eastern plant boundary 

on a quarterly basis. Samples from these wells are analyzed for selected metals, VOCs, 

inorganic compounds, and radionuclides. CDH sampled a number of private wells east of 

the RFP approximately three ago, but does not routinely monitor ground water quality 

outside the RFP also conducts q sampling of Standley Lake for 

analysis of sel des, pesticides, metals, B and radionuclides. Westminster 

water treatment ed weekly by CDH for selected 

radionuclides 

2.3 MOWER RESERVOIR 

Very little documentation exists €or Mower Reservoir (IHSS 202), a small, privately-owned 

impoundment located just southeast of the RFP in Section 18, T2S R69W (Figure 2-1). 

The reservoir is fed by Woman Creek via an irrigation ditch that originates within the RFP 

boundary (USGS, 1980). Mower Reservoir is used for agricultural purposes, primarily 

cattle watering and irrigation, and fluctuates in capacity depending upon water supply and 

demand. It covers an area of approximately 9 acres (3.6 hectares) and is roughly 50 ft (15 

m) deep at its deepest point. Mower Reservoir is located on land which was the subject 

of a lawsuit against the RFP by several landowners, alleging contamination of the land 
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surface by releases from the plant. Part of this land has been designated IHSS 199 and is 

the focus of a Remedy Report which was submitted to EPA and CDH for review on 
October 26, 1990. 

The geological setting at Mower Reservoir is inferred to be similar to that described for 

Great Western Reservoir (Section 2.1.1) and Standley Lake ( ction 2.2.1). Surficial 
deposits ranging from 10 to 30 ft (3 to 9 m) thick consist of al ium along ridge crests 
and colluvium on drainage slopes. The underlying oe Formation is composed of 

clay stone with interbedded sandstone lenses. The Ara Formation averages 250 ft (76 
m) in thickness in the area, and is underlain by sev dred feet (approximately 100 

m) of shale comprising the upper portion of the Laramie Formation (USGS, 1976). 

Studies conducted to date of reservoirs the RFP have not specifically addressed 

Mower Reservoir, Environmental investigations of the surrounding land (IHSS 199) have 

concluded that the primary source of contamination (chiefly plutoniu t IHSS 199 was 

airborne particulates from the RFP, It is expected that Mower Reservoir received similar 

amounts of plutonium throug rborne transport as the nearby land surface. Plutonium 
concentrations m surface soils around Mower Reservoir (Rockwell, 1987) 

averaged several times lower than those measured in at Western Reservoir sediments, 
and several times higher than those measured in St Lake sediments, Because it is 

fed by Woman Creek, Mower Reservoir may also have been affected by surface water 

contaminants believed to have contributed to plutonium levels in S tandley Lake sediments 

(Section 2.2.2). Surface wate n the Woman Creek drainage is controlled by the C-series 

holding ponds (Figure 2- 1). as been speculated that concentrations of radionuclides in 

Mower Reservoir sediments should not exceed levels measured in Great Western Reservoir 

and Standley Lake (D 

0 

2.4 OTHER RELEVANT STUDIES 
Several proposed or ongoing investigations within the boundaries of the RFP may produce 
data which is relevant to the OU 3 reservoirs. Although investigations at on-site OUs have 

progressed to varying stages of completion, most are in the initial assessment stage. 0 
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Investigations of Woman Creek (OU 5) and Walnut Creek (OU 6) will help to determine 

whether these drainages were pathways for off-site contamination which might eventually 

have reached Standley Lake and Great Western Reservoir. Studies of surface soil 

contamination in the eastern part of the RFP as part of the ongoing investigation of RFP 

OU 2 may elucidate the role of wind in transporting contamina OU 3 reservoirs, 

particularly Mower Reservoir. 

In 1988, the Colorado School of Mines (CSM) presen the RFP to study 

radionuclides in the sediments of Colorado Front Rang hich had not been affected 

by releases from the plant (CSM, 1988). As a re is proposal, a study was 

conducted for the RFP by CSM of Halligen Reservoir and Wellington Lake, located north 

of Fort Collins, CO and southeast of Ba CO, respectively. The objectives were to 

more firmly establish baseline radionucli oncentrations due to atmospheric fallout so 
that "excessive" values could be operationally defined, to compare sedimentation rates for 

the "background" reservoirs with those for reservoirs near the RFP, nd to determine 

whether radionuclides were su to any post-depositional bioturb on. The study 

of the two reservoirs peaked at 

0.19 ~ 0 . 0 2  pCi/g (0.007 +0.0007 sed this value as a baseline 

concentration for plutonium in Colo rvoirs (CSM, 1990). This level 

is somewhat higher than EPA's estimate tonium baseline concentration of 50.1 pCi/g 

(0.0037 Bq/g). It should be noted that SM study was presented to the RFP in May 

1990, and has not yet been formally re by the RFP or published for the scientific 

community outside the RFP. 

0 determined that plutonium cone 
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3.0 CONCEPTUAL MODEL OF CONTAMINANT FATE AND MOBILITY 

Utilizing the information obtained in past studies (Section 2.0), a conceptual model of 

contaminant transport and exposure pathways for sites 200-202 is presented here for use 

in the evaluation of the potential risks of reservoir contamination to human health (Figure 

3-1). For an exposure pathway in the conceptual model to be co idered complete it must 

contain the following components: 

Contaminant Source: The primary curren rce area is the plutonium- 
Plutonium from sites 200-202 
ter, or biota. Each of these 

contaminated reservoir sediments of sites 200- 
could be released to air, ground water, sur 
media can subsequently become a secondary source for further releases. 

Contaminant Release Mechanism: Potential release mechanisms for plutonium 
from the reservoir sediments inc esuspension into air, surface water runoff, 
infiltration/percolation into grou , and biotic uptake. The conceptual mode 
identifies both primary release isms (those mechanisms which release 
contaminants directly from the rea) and secondary release mechanisms 
(those mechanisms which release contaminants from secondary media 
contaminated by the source area). 

Transport Media: Once plutonium is released it can be transported within 
to exposure points. The trans edia can be air, ground water, 
or biota. Behavior and fat plutonium in these media is 

tive to exposure routes and tors. The conceptual model 
identifies both primary transport media (the media in which contaminants exist at 
the source area) and second sport media (those media in which 
contaminants are transported aw the source area). 

Exposure Route: Any point of contact with a contaminated medium is 
an exposure point. Exposure e determined according to the media 
contaminated and the anticipated activities at the exposure points. Exposure route 
can be by ingestion, inha 

Receptor: The receptors are individuals potentially exposed to contaminants at the 
exposure points. 

ion, or dermal contact. 

The conceptual model provides an overview of all the potential exposure pathways that 

may result from releases from and/or into each transport media. Some of these pathways 

have a greater exposure potential than others. Significant pathways which are common to 

each reservoir are identified in Section 4.0 by evaluating the fate and mobility of the 
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contaminant in each potential media that is included in the conceptual model. Reservoir 

specific pathway issues are then discussed in Section 4.8. 

The various elements of the conceptual model are explained in the following sections. 

3.1 HISTORIC SOURCES 

As described in Section 2.0, contamination attributable to releas 

documented at Standley Lake and Great Western Rese 

conducted to date have determined that the only 

background levels in these reservoirs is plutonium (D 

further concluded that the plutonium was introdu 

historical RFP releases, and that subseque 

RFP have effectively prevented further r 

monitoring along the eastern boundary of 

om the RFP has been 

Environmental investigations 

minant from the RFP above 

80). These investigations have 

the reservoirs as a result of 

1s placed on release pathways within the 

o the reservoirs. Ground water quality 

ndicates that ground water has not been 

a pathway for contaminant migration to the reservoirs. 

3.2 SOURCE AREA CHARACT 
Plutonium fate and mobility in the waters and sedi 

transport media 

media and the plutonium. 

ich constitute the primary 

chemical properties of the sites 200-202 depend on the physi 

At the Eh and pH of typical environmental conditions, plutonium (predominantly plutonium 

dioxide) is virtually insoluble water. The solubility product of plutonium ranges from 

(Allard et al., 19 ), indicating that plutonium will not exist as a true ionic 

species in water. Plutonium solubility and subsequent mobility may increase in the 

presence of dissolved organic matter, carbonate, fluoride, nitrates, chlorides, or other 

complexing agents in the water. Typically, however, plutonium attaches to particulate 

matter (suspended solids) by electrostatic attraction and remains tightly bound to these 

particulates in water. Therefore, the great majority of any plutonium occurring in reservoir 

waters will be adsorbed onto suspended solids in the water. Sediment load is the main 

water transport mechanism for plutonium under virtually all environmental conditions. 

to 
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In stagnant impoundments such as holding ponds and reservoirs, suspended solids gradually 

settle out of water to form bottom sediments. It has been shown that clay-rich sediments, 

such as those in sites 200-202, have an extremely high affinity for plutonium, effectively 

immobilizing it in the sediment (CSU, 1974). While it is possible that elevated 

concentrations of complexing agents combined with a relatively high percolation rate 

through the sediments might mobilize the plutonium, no evidence of plutonium migration 

in the sediments has been detected (DOE, 1980). 

Density stratification of lake waters in summer results i educing environment in deeper 

water. Under reducing conditions, the distribution coefficient of plutonium, which is the 

ratio of concentrations in soil (or sediment) to concent ions in water, may be three to 

tenfold lower than under typical reservoir tions, meaning that plutonium mobility may 

increase slightly. The magnitude of this asc is not significant, however, in terms of 

overall plutonium mobility (ANL, 1986). 

Based upon the conceptualization of plutonium chemistry in the environment presented 

above, nearly all of the plutonium in sites 200-202 is expected to be adsorbed to clay in 0 
bottom sedimen udies cited in Sections 2.1.2 2.2.2 have indicated that the 

plutonium in occurs in a discrete sediment 

layer in each which has been buried by sub nt sedimentation. The highest 

plutonium concentrations appear to exist 

estern Reservoir and Standley 

e deepest areas of the reservoirs. 

3.3 RELEASE MECHANISMS AND EXPOSURE PATHWAYS 

As shown in Figure 3-1, potential release mechanisms and transport media can combine in 

a variety of ways to transport contamination from the reservoirs to human and other biotic 

receptors. These ase mechanisms and exposure pathways are potential, and their 

identification here ot meant to imply that they will occur or be significant at the 

reservoirs. The contaminant source characterized in the preceding section is a semi- 

consolidated mass buried in the sediment of each reservoir, and is not readily available for 

release into the environment by any of the mechanisms described below. Probabilities of 

occurrence are discussed in Section 4.0. 0 
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Direct contact with contaminated reservoir sediments or consumption of water containing 

contaminated solids are two obvious pathways. Direct contaminant uptake by aquatic 

plants and animals might also occur. Once biotic receptors have been affected, the 

contaminants can move up the food chain to human receptors. Biotic uptake of plutonium 

is addressed in Section 4.5.2.2. 

0 

Movement of contaminants by wind is possible where affected are exposed to 

air, or if wind speed is sufficiently strong to strip water drop ning suspended 

solids from the surface of the reservoirs. Affected sediments in drainages are unlikely to 

contain a significant fraction of fine materials which m be mobilized by wind. A more 

conceivable scenario is wind transport of exposed reservoir sediments when the water level 

falls during dry periods and/or periods o ater demand. The amount of contaminant 

released would depend in part upon the de e g  extent, and concentration of plutonium 

in the sediments. Plutonium released into the air could be inhaled directly by receptors or 

could affect downwind soil and/or plant surfaces as settled dust. ing in affected 

soils might then incorporate Contaminants into their biomass. Hu estock or other 

animals could in turn be affected by consuming these plants. 

Resuspension of c ottom-dwelling organisms, lake 

turnover (i.e. de ff might increase contaminant 

concentrations in reservoir water. Wa scharged from the reservoirs into surface 

drainages may be used for drinking wat rrigation, be utilized or ingested by nearby 

plants and animals, or recharge the gr water system. Irrigation water, obtained 

directly from the reservoir or from downstream, could affect the crops, soils and ground 

water where it is app 

inated sediments by wave act 

nvection currents), or hig 

Intermittent or continuous infiltration into the ground water system may occur from surface 

water impoundments or drainages. Depending upon the physical and chemical nature of 

the sediments and water, infiltration through contaminated sediments can leach plutonium 

down to the water table. Although this scenario is conceivable, its likelihood of occurrence 

at sites 200-202 is remote because of plutonium’s virtual insolubility in water and strong 0 
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adsorption to clay sediments. If, however, the plutonium does enter the ground water 

system, it may be transported away from the Source area through ground water flow. 

Because of its high typical distribution coeffici nt, plutonium would not be expected to 

migrate very readily in ground water (ANL, 1 b 86). In some environments, however, 

plutonium has been shown to bind to colloidal pa ticles which are unaffected by the forces 

that normally act to retard plutonium movemeit through grou water systems, and to 

migrate significant distances through  ground^ water flow , et al., 1990). 

Contaminant pathways from affected ground watp  are utlined above for 

surface water. Ground water may be utilized fbr pu pply or irrigation (i.e. 

water wells), may be transpired by plants, or may ev ge into surface water, 

0 

f 

Filtration of influent water at water trea 

solids from the water. Any plutonium 

removed. The nature and fate of sedi 

t plqnts effectively separates most suspended 

d ofito these particles will therefore also be 

oved from reservoir water in treatment 

, 

Water from Gr 

The filters are 

backwash slud 

parameters, in 

sludge above background levels in past 

from the lagoon approxi 

Lake influent occurs at t 

Discussions with per 

has not been analyze 

tern Reservoir is filtered bt the 

ly backwashed into a sething 1 

dically removed from tk la 

field water treatment plant. 

at the plant. Accumulated 

d analyzed for a variety of 

osai. Plutonium has not been detected in the 

ses. Sludge was last analyzed and removed 

(Bkoomfield, 1990). Filtration of S tandley 

on1 and Westminster water treatment plants. 

el at each of these facilities indicate that filter backwash sludge 

I 

I 

plutonium or gross alp(ha activity. 
, 
I 

I 

I 
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4.0 QUALITATIVE HUMAN H E ~ L T H  RISK ASSESSMENT 

reservoir are then discussed. 

At the time of this report, the specificity and qua'ity of existing data for sites 200-202 are 

I 
All of the data reviewed (see Section 6.0 a li t of references) indicate that plutonium is 
is the only contaminant of concern at site 0-2d2 that can be attributed to RFP historical 

releases. Media-specific an radionuclides present at the RFP, such as 

americium-24 1, have not bee for these sites. If these radionuclides do occur 

at sites 200-202, they would n small quantities compared to plutonium. This 

statement is base ratios of Pu/Am in the eapons grade materials handled at RFP. 

The initial historic ra of Pu/Am was 15:l. k\s a result of the radioactive decay of 

plutonium-241 and subsequent ingrowth of ameri ium-241, it is likely that the current ratio 

is closer to 5:l (DOE, 1988). Because americium produces almost twice the internal dose 

as plutonium (ICRP, 1979), determination o its magnitude and extent must be 

accomplished for a quantitative risk assessmenr. Since available data for americium 

w 
4 
f 

l 
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concentration in the reservoirs are incomplete a i d  not definitive, its contribution to this 

qualitative assessment cannot be addressed. Howkver, since the plutonium/americium ratio 

is 1:0.2 and the internal hazard ratio is approxi&nately 1:2, a simplifying assumption is 
l 

made that americium provides 40 percent of the Pazard of the plutonium at sites 200-202. 

The Pu/Am ratio does indicate that the presenqe of americium w Id not increase the 

magnitude of the risk at sites 200-202. Thereforel only plutonium will be addressed in this 

risk assessment. I 

I 

I 4.1 CONCEPTUAL APPROACH I 

Sites 200-202 are reservoirs that contain sedimenjs co nated with low (up to 7 pCi/g) 

levels of plutonium that exceed the CDH plutoni4m i standard of 0.9 pCi/g in some 

locations. The source of this plutoniu ic releases of airborne and waterborne 

plutonium from the RFP. The historic so utonium contamination to sites 200-202 

have been effectively eliminated by n discharge and surface water flow. 

Therefore, this assessment is based on the assumbtion that the present at sites 

200-202 represents the highest possible concentrjation that will b able for human 

0 receptor impact. 
I 

This is a qualitative risk assessment that uses hazard gs (Section 4.5.3) instead of 

plutonium concentration values, transport equations, and receptor dose calculations to 

convey the relative magnitude of specific ia occurrence, release probabilities, potential 

routes of uptake, and the ultimate impac a human receptor. 

The EPA Risk Assessment Gu 

for a completed exposure pat 

(RAG) document defines the following four elements 

A source and mechanism of chemical release to the environment 

An environm tal transport medium for the released chemical (air, ground water, 
etc.) 

A point of potential human or biota contact with the contaminated medium 
(exposure point) 

A mode of uptake at the exposure point (ingestion, inhalation, or dermal contact). 
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If any of these elements are absent, there is neither human exposure nor risk. For the 

purposes of this assessment, the term exposure pathway will be used only when all four of 

these elements are present. 
0 

The risk assessment will be developed as follows: 

Toxicity Assessment (Section 4.3) 

The human health risks associated with radiation exposure 

emphasis on exposure to plutonium. 

briefly described, with 

Source Term (Section 4.4) 

The source term describes the amount of contam nt (plutonium) found in the 

environment. For sites 200-202, the sou rm corresponds to plutonium concentrations 

in bottom sediments. The concentration onium in the sediment affects the magnitude 

of any release into other media; for exa he lower the concentration of plutonium in 

sediment, the lower the air 

sediment. 

plutonium concentration that can generated from the 

0 
Exposure Pathways (Section 4.5) 

The importance af p 

potential exposure, 

pathways by which humans are potentia 

are based upon the media-specific (sed 

for other media. 

ntial exposure pathways is ass estimating the magnitude of 

frequency and duration of these exposures, and the media-specific 

osed. The magnitudes of potential exposures 

ntamination being a contamination source 

(Section 4.6) 

The various routes of plutonium uptake by humans and other organisms are identified and 

ranked by relative importance to the risk assessment. The risks associated with potential 

points of human contact are qualitatively assessed based on all identified exposure 

pathways. A description of the behavior of plutonium in biological systems is included in 

this section. 
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Risk Characterization (Section 4.7) 

The concepts developed in preceding sections are combined into a site-specific risk 

characterization, which evaluates the concentration of plutonium in each media, its 

likelihood for transport to other media, and its likelihood to impact a human receptor. All 

potential exposure pathways are systematically examined, and those which do not meet the 

criteria of a completed pathway are eliminated from the risk assessment. 

0 

Exposure Point (Section 4.9) 

The point of potential human contact with plutonium 

on all completed exposure pathways identified in the 
be qualitatively assessed based 

4.2 POTENTIAL APPLICABLE OR RELEVANT AND APPROPRIATE 
REQUIREMENTS (ARARs) 

In the revised National Contingency CP: 53 FR 51394) and the CERCLA 

compliance with other laws requirement (EPA, 1989c), several different types of ARAR 

requirements are identified with which remedial actions must comply: (1) chemical 

specific requirements, (2 tion specific requirements, and (3) location specific 

requirements. nt potential ARAR r plutonium are found in the 

Colorado Depar gulations. The sit cific soil ARAR identified for 

sites 200-202 is the CDH standard for plutonium in s .9 pCi/g (2 dpm/g). The CDH 

soil standard is exceeded in bottom sed ts in a number of areas of Great Western 

Reservoir and Standley Lake. Mower Re ir sediments have not been sampled but are 

believed to have similar concentrations utonium to those found in Great Western 

Reservoir and Standley Lake sediments (Section 2.3). The CDH standard was originally 

developed for protection of construction workers at sites containing plutonium 

contamination. I cability to buried lake sediments is as yet unclear. The Colorado 

Water Quality C Commission has established a separate plutonium standard for 

Walnut and Woman Creeks of 0.05 pCi/l (0.002 Bq/l), significantly lower than the EPA 

standard of 15 pCi/l (0.56 Bq/l) total alpha activity, In addition, a CDH surface water 

plutonium standard exists for Great Western Reservoir and Standley Lake of 0.03 pCi/l 

(CDH, 1990a). All monitoring data reviewed indicate that the CDH plutonium limits for 

Walnut Creek, Woman Creek, Great Western Reservoir, and Standley Lake have never been 
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exceeded. A Memorandum of Understanding and Mutual Cooperation Agreement between . 
DOE and CDH regarding public exposure to airborne plutonium also exists. Offsite 

airborne levels of plutonium may not exceed 0.02 pCi/m3 (0.0074 Bq/m3) based on this 

agreement. All air monitoring data reviewed are well below this standard for air sample 

locations potentially impacted by sites 200-202. DOE Order 5400.5 adiation Protection 

of the Public and the Environment, specifies the same airborne plutonium public exposure 

limit as the CDH (DOE, 1990). It is noted here, and discussed i ion 4.6, that the 

airborne standard is based on Class W (soluble) plutoni ty of plutonium 

at sites 200-202 is Class Y (insoluble) plutonium, w ARAR of 0.04 pCi/m3 

(0.0015 Bq/m3) (Wick, 1967). 

0 

4.3 TOXICITY ASSESSMENT 

In order to evaluate the potential risks PO plutonium, it is important to understand 

the toxicity hazards of radiation for differ osure routes. Radiation is defined as the 

transfer of energy from one ace to another. Heat, sound, and light are radiation but 

typically do not carry enough energy to break the atomic bonds of molecules; however, 

ionizing radiation, when interacting with matter, has sufficient energy to break the atomic 

bonds of molecules, and produce (emit) an ejected ele and a positively charged ion. 

Ionizing radiati ay be in the form of particles or e magnetic waves. 

0 

Plutonium is prim r. An alpha particle is essentially a helium 

nucleus without orbital electrons. It is ed of two protons and two neutrons with a 

charge of plus two. Since these alpha particles have a relatively large mass and +2 charge, 

they react strongly with matter, and create a large amount of ionization in a very short 

distance. However, alpha particles with the high kinetic energies of plutonium travel 

only about 1.6 inc cm) in air, and can be stopped by a piece of paper, or the 

outermost layer of in. Alpha particles therefore do not present an external exposure 

hazard. These same properties do however produce much more cellular damage than an 

equivalent amount of gamma energy, if both alpha and gamma are internally deposited. 

The range of penetration of a plutonium alpha particle in tissue is approximately 100 

microns (3.9 x in), indicating that an alpha particle retained in the body will deposit 

ly an alpha particle 

0 
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100 percent of its ionizing radiation to localized tissue. This section describes the various 

ways plutonium can enter the body (exposure routes), and the relative risk of each mode 

of uptake. It is likely that the insoluble form of plutonium, plutonium dioxide (PuO,), will 

be the predominant radionuclide available for biological uptake from sites 200-202, since 

the possibility of plutonium existing in another form in the reducin 

sediments is remote. Even if a small percentage of the plutonium does exist in a more 

soluble form, the magnitude of risk determined in this qualitative assessment for the 

reservoirs will in fact remain the same. 

In general, there are two distinct human hazards pres d by radiation, those of external 

and internal radiation exposure. External radiation exposure is due mainly to gamma ray 

emissions from radioactive decay. Altho tonium does produce x- and gamma rays, 

they are very weak and only comprise 1 percentage of the total energy emitted. 

Therefore, this risk assessment does n der external radiation exposure (dermal 

contact) as a hazard from sit 200-202. Plutonium does, however, present an internal 

radiation hazard, primarily fr inhalation. The inhalation of plutonium can lead to the 

deposition and retention of radioactivity in the lung, and produce continual, localized 

internal irradia 

0 
n of lung and other body tissues for tended periods of time. 

The levels of plutunium present in the sediment at site 02 are very low, but have not 

been adequately characterized (Section The health effects that this qualitative risk 

assessment will focus upon are the low 1s of internal exposure that the public could 

potentially receive from sit ly by the airborne pathway. The National 

Academy of Science in a recently released report (NAS, 1990) has stated that such low 

levels of plutonium exposure can cause genetic and somatic (non-genetic, i.e. cancer) 

effects, which have a Iong latent period. These long-term effects are due to DNA damage. 

The body has many defense mechanisms against such damage, including repair of the DNA, 

immunological defenses, and the death of a cell. Ionizing radiation can also induce a 

neoplasm, the uncontrolled growth and proliferation of a group of cells (cancer). 
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4.4 SOURCE TERM 

The initial step of this assessment involves evaluation of available source term data for 

sites 200-202. The source terms for the sites are considered to be plutonium buried in 

reservoir sediments outside the eastern boundary of the RFP. Historical radiological site 

data relevant to a human health evaluation were collected from DOE and CDH sources. 

These data were evaluated for the concentration of plutonium present in all media. 

0 

Representative sediment sampling has not occurred at sites 200-202. In some cases, the 

quantitation limits and detection limits for plutoniu not included in the referenced 

documents. It is believed that most of the publish have not been through a rigid 

QA/QC analysis. It is also evident that sampling procedures for all media have differed 

between various sampling agencies. B e of these uncertainties, a numerical value 

cannot be assigned to the source term tes 200-202 with any certainty since EPA 

guidance suggests using Level IV dat risk assessment. Since the level of data 
quality is not discernable, a ssessment cannot be performed. However, 

qualitative inferences conce ource terms can be made. Section 4.14 discusses a additional data needed for determination of IHSS 200-202 source terms to 
support a quantitative risk 

4.5 EXPOSURE PATHWAYS 

The identification and assessment of e pathways is accomplished by characterizing 

all potential contaminant release me which may contribute to a completed 

exposure pathway to human lease mechanism analysis evaluates the 

possible migration of the ch of concern, taking into account their physical and 

chemical properties that affect en ronmental fate in the various site media. Certain site 

characteristics such as hydrogeology, organic carbon concentration, climate, and vegetation 

may also significantly influence the migration potential. Current and future use of the site 

may determine the current and future exposure scenarios. 
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4.5.1 Identification of Release Mechanisms 

Possible release mechanisms of plutonium from sediment at sites 200-202 are identified in 

the conceptual model shown in Figure 3-1. Primary release mechanisms include: 

Direct fugitive dust from sediments 
Wind stripping of water 
Reservoir discharge 
Drinking water withdrawal 
Infiltration/percolation 
Biotic uptake. 

Figure 3-1 also includes an assessment of the secondary 

200-202. These secondary release mechanisms include: 

ase mechanisms present at sites 

Recreational use 
Direct fugitive dust from sedimen 
Settled dust -- plants 
Settled dust -- soil (leading to PO 

Settled dust -- water 
Biotic uptake of surface water 
Surface water deposition 
Surface water irrigation 
Surface water infiltration 
Surface water evaporationflowering (leading t ible airborne sediments) 
Ground water seepage 
Ground water pumpage 
Drinking water 
Precipitates from treatment plan 

historical review of the records for the site 

indicate that the only primary transport media for plutonium is the contaminated sediments. 

Numerous possible primary release mechanisms are listed above, but it is the fugitive dust 

release rnechanis that can cause the greatest impact on the secondary transport media 

of air. Other potential transport media for plutonium include surface runoff, groundwater, 

and biotic uptake. The following discussion provides a more detailed description of soil 

reentrainment, and some description of the surface runoff, groundwater, and biotic uptake 

transport mechanisms. 
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4.5.2.1 Factors Affecting Airborne Reentrainment 

An explanation of atmospheric transport parameters is presented in this section because 
inhalation of plutonium particles reentrained from exposed sediments is considered to be 

the most probable means of human exposure at sites 200-202. A receding shoreline may 

expose sediments containing plutonium, which can then become airborne. Shoreline 

variations are seasonal, and, thus although recession occurs, so s expansion and the net 

tends to be an average free-board over 70 years. The likeli d of a chronic release 

scenario resulting from this phenomena is dictated ught occurrence 

and/or (2) population expansion placing an increase the system without 

commensurate make-up. In addition, if the system i tural processes will 

promote revegetation of the affected areas. It is therefore important to understand the 

mechanisms of contaminant transport be sidering the corrective actions needed to 

reduce or eliminate transport. 

0 

Two primary mechanisms ociated with the initiation of particle vement. Direct 

action of air moving past icle may exert enough force to acce te the particle, 

causing it to roll along the ce or to be lifted up and moved in the air stream. A 

second mechanism of initia particle movement through the impact of airborne 

particles with particles on the ground. Particles on lid surface which have chemical 

and physical properties different from the base mat have adhesive contact with the 

substrate. For resuspension to occur s scenario, the force on the particle must be 

equal to or greater than the force hol particle to the surface. Several factors are 

known to influence particle cohesion: 

0 

particle material 
size 
shape 
surface roughness 
relative humidity of the ambient air 
presence of electrostatic charge 
nature and physical characteristics of the substrate. 
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The primary meteorological factors which influence the resuspension of material from I 

ground deposits are wind and ground surface moisture. The amount of material that can 

be carried in the air currents is dependent on the density, velocity, and viscosity of the air. 
0 

Particles that are dislodged from the exposed sediment material can then move in three 

ways: suspension, saltation, and surface creep. Suspension occurs when upward wind 

eddies counteract free fall, allowing transport of the particle at the average forward speed 

of the wind. These particles are generally less than 0. limeter (mm) in diameter and 

are redeposited via rainout or gravity after the wind s s. Particles between 0.1 mm 
and 0.5 mm in diameter move by a series of sho es called saltation. Larger 

particles between 0.5 mm to 2 and 3 mm in diameter can roll and/or slide along the surface 

in what is called surface creep. Particle ement predominantly occurs by saltation. 

Because of plutonium’s strong affinity y in sediments, and because of the elapsed 

time since the last known releases to sites 200-202 (mid-19 likely that the 

plutonium become an integral part of the sediments, and will behav osed sediments 

according to the concepts developed for soil erosion. Among the parameters which most 

influence the movement of soil by wind are the s and time variations of the soil 

particle size distribution. Past studies have not de ned what size fraction(s) of the 

sediments in sites 200-202 are affected by the plutonium, and it is not known what 

percentage of the plutonium might be The 

conservative assumption for this qualitative risk assessment is that, although very unlikely, 

all plutonium in the sedime is associated with particles of respirable size. The effect 

of this conservative assu n is that the characterization of risk resulting from this 

assumption will be overstated (i.e the actual risk will likely be lower). To quantify the 

actual risk resulting €rom this pathway, sediment particle size (as well as other physical and 

chemical properties) would have to be evaluated. 

0 

ailable for deposition in the lung. 

4.5.2.2 Plutonium UDtake in the Food Chain 

As described in Section 3.1.3, plutonium forms relatively insoluble compounds in the 

environment and is therefore not considered biologically mobile. This term describes the 0 
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ability of an element to be transported through the food chain. Since plutonium has no 

known biological function, it can only be passively incorporated into organisms, mainly by 

physical processes such as surface contact, inhalation, and ingestion of plutonium adsorbed 

to the surfaces of plants and zooplankton. 

0 

Food-chain transfer of plutonium does represent a potential e 
parameter used in this determination is KO, (logarithmic octanol- 

This is a good indication of how readily an organis 

and is a general predictor of bioaccumulation in the 

KO, is related to water solubility and bioconcentra 

life. 

ure route. A critical 

artition coefficient). 

ticular compound, 

or the fat of animals. The 

for aquatic and terrestrial 

In an aquatic ecosystem, the supply of c compounds such as carbon dioxide, and of 

elements such as oxygen, calcium, hydrogen, and nitrogen, is contained either in solution 

or is held in reserve in the bottom sediments. These nutrients are absorbed and 

metabolized through the utilizati f solar energy by two main types of food producing 

organisms: rooted or large floati nts, and minute floating plants called phytoplankton. 

Available literat ater and uptake of plutonium by 

terrestrial plant e of plutonium is negligible 

(Rockwell, 1986). 

indicates that the plutonium KO, 
xtremely low, and that root 

As a general rule, radioisotopes prese ediments can pass into the root systems of 

plants in the same manner a radioactive isotopes of the same element. The element 

may or may not be require normal metabolism, and some elements (e.g., iodine, 

cobalt, uranium, and radium) are known to be present in plants although they serve no 

metabolic function. However, even when plutonium is mixed into surface soil in a water- 

soluble form, it is strongly excluded from uptake in the first crop plants grown in that soil. 

The relative concentration factor expressed as parts per million in dry plant material/part 

per million in dry soil has been measured at less than 0.01% for plutonium (Menzel, 1965). 

This value has been replicated in a study of sheep grazing in a marsh estuary near Sellfield, 

England (Ham, 1989). 

0 
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Radioactive substances can pass directly to the food chain by foliar deposition. The 

radionuclides may then pass directly to grazing animals or to man as superficial 

contamination, or they may be absorbed metabolically from the plant surface. The 

significance of plant surface contamination varies with the growing season, since the 

potential risk due to direct contamination of crops is obviously greater just before a harvest 

or during active grazing by stock animals. Conversely, the potenti risk may be lowest 

in winter months when there are no standing crops, although it is possi that even during 

these months direct fallout on the basal structure of grasses in perman pastures may be 

stored until the following spring. Retention of this ty will be greatest for plants that 

develop a mat of basal parts, old stems, and surface ro 

0 

The significance of foliar contaminatio 

plants and the role of the various parts o 

Wheat plants have a shape that tends 

Other cereal grains and grasses also h 

will also depend on the structure of the 

t in relation to the dieting habits of man. 

ze entrapment of settled fugitive dust. 

y high foliar retention. 

0 Foliar contamination can be removed by rain, other weathering effects, and by drying and 

dropping of plant parts (field loss). Chamberlain (1970) has examined data from a number 

4.5.2.3 Surface Water 

Because of plutonium's extremely 1 lubility and strong tendency to sorb onto 

suspended solids (Section 3.2), reservoir water at sites 200-202 are not likely to contain 

measurable amounts of pluto m unless contaminated bottom sediments become 

resuspended. This scenario ha low probability of occurrence, since the plutonium is 

buried in a discrete 1 er within the sediment. Routine monitoring of Great Western 

Reservoir ahd S tandley Lake water quality consistently indicates very low to undetectable 

concentrations of plutonium, suggesting that significant resuspension of contaminated 

sediments does not occur at these reservoirs. Sampling procedures at these facilities would 

result in samples of "whole water" which contains any suspended sediment. Treatment e 
37 11 /05/90 RFPamo.200 



procedures applied before the water enters the public distribution system include 

sedimentation and filtration which have the effect of removing suspended sediments. As 
discussed in Section 2.0, routine sampling and analysis conducted at the treatment facilities 

demonstrates that plutonium levels in the public water supply have always been below EPA 

water quality standards. The likelihood that this transport medium would produce an 

impact on a human receptor is negligible at sites 200-202, 

0 

4.5.2.4 Ground Water 

As stated in Section 3.0, plutonium has an extremely solubility in water and has a 

strong tendency to sorb to clays and other soil partic s. Previous studies have also 

determined that plutonium has a high affinity for in sediments, and that it is 

effectively immobilized in the clay-rich s ents typical of impoundments near the RFP 

(CSU, 1974). Other studies have found idence of plutonium migration through the 

sediment columns at Standley Lake an at Western Reservoir (DOE, 1980). The 

information reviewed in Secti .O as well as the physical/chemical properties of 

plutonium substantiate the ratio hat plutonium transport into the ground water system 

through infiltration/percolation and seepage bottom of the reservoirs is not a viable 0 
transport pathway. 

4.5.3 Potential Exposure Pathwavs at sites 200-202 

Potential exposure pathways will be ad in this section. As illustrated in Figure 3-1, 

various possible transport media exist 200-202 along with their associated primary 

and secondary release mechanisms. n 3.0 describes the fate and mobility of 

plutonium in the environment, and concludes that plutonium is highly insoluble in ground 

water and surface w r, and bonds strongly to particulates. As stated in Section 4.1, a 

completed exposure hway must exist for a hazard to be conveyed to the receptor. Many 

of the potential transport media and release mechanisms identified thus far do not form a 

completed pathway, and therefore do not pose a risk to human health. However, the 

likelihood that fugitive dust from exposed sediments would be available for transport 

during the 70-year exposure scenario is remote. Nevertheless, this pathway will be 

retained. The only credible completed exposure pathway for sites 200-202 is shown in 0 
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Figure 4-1. Although other pathways are addressed for the sake of completeness, they are 

not considered in the determination of qualitative risk. 0 
Primary and secondary release mechanisms are grouped with transport media (Table 4.1) 
to determine their probability of transporting plutonium in the environment over the 

duration of the exposure scenario (70 years) based on the following probability ranking: 

High -- historic records or physical characteristics of sites 200-202 indicate that 
plutonium has a high probability of occurrin this release mechanism and/or 
transport medium 

Moderate -- a possibility exists that plutoniu 
or transported by this medium 

1. 

2. be released by this mechanism 

3. -- the likelihood is that this release mechanism or transport medium does not 
provide any significant possibilit lease or transport in the environment 

Negligible -- all historic data an cal characteristics of plutonium indicate 
that this is not a credible release mechanism or transuort medium for ulutonium. 

4. 

he need for potenti remediation should be based 

largely on the eval the public who may use the 

reservoir or underg er. A key evaluation criterion 
in selecting remectial measures at RFP be the extent to which alternatives mitigate 

offsite exposure via the ground wat water pathway if in fact exposure is 

occurring. All data reviewe this point indicates that the ground water/surface water 

interactions in and around a1 e reservoirs produce no detectable amount of plutonium 

in ground water. This conclusion is based on the premise that numerous RFP on-site wells 

are located in areas of documented contaminated pond leakage. In no case has the 

plutonium impacted ground water. If no impact is seen in this worst-case situation it is 

highly unlikely that the reservoirs will impact ground water. 

on of current and potential 

d aquifer as a source of drin 

All data reviewed indicates that ground water is not being impacted, and reservoir water 

quality data indicate that plutonium levels are far below regulatory limits. It is important 

to note that these levels are just above the analytical detection limit, and well below the 
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EPA or CDH risk-based limits of 15 pCi/l total alpha for drinking water. In the absence 

of data integrated over time, only a relative measure of purely hypothetical risk may be 

developed for the ground water/surface water exposure pathway. Based on the information 

presented in this document, the following conclusions can be drawn: 

0 

1. The sediments in all three reservoirs contribute little or no plutonium activity to 
ground water/surface water. 

All sampling data from the reservoirs indicate tha 
plutonium is occurring in water plants, phyt 

Plutonium in sediments is essentially is01 
overlying sediment layer. 

Plutonium rapidly and almost irreversibly attaches itself to clay sediments and 
there is no evidence of post-depositional migration of plutonium through the 
sediment. This leads to the con hat plutonium is not readily available for 
remixing in the water, even und turnover conditions. 

All water quality monitoring d utonium in and around the reservoirs is 
at or below the a1 detection limits, and well below CDH and EPA 
regulatory stand 

Most importantly for receptor risk analysis, 
comm s that utilize the reservoirs as a 
levels tonium just above or below the 
below the CDH and EPA drinking water standards. 

2. bioaccumulation of 

3. r body due to the 

4. 

5. 

6. ples taken from the 
inking water indicate 
ction limit, and well 

. .  

Based on the above conclusions, the data suggest that there exists no appreciable risk under 

conditions of no action and thus no risk m ement alternatives involving remedial action 

would be required. 

4.5.3.2 soil 
Much of the soil dat eviewed indicate that natural processes such as biological activity, 

weathering and perco tion will cause plutonium to move vertically downward in the top 

few centimeters of the soil column. Section 3.0 of this document also describes some of 

the factors most important to plutonium transport in buried lake sediments. One of the 

most important factors is the distribution coefficient (Kd). This term reflects the ability of 

ions and molecules to adhere to solid surfaces. The fine particles of soil and sediment 
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have enormous surface areas relative to their volumes, and carry electric charges. Ions and 

molecules can bond to these surfaces by forces that range from those due to weak residual 

electric charges to strong chemical bonds. Typical K, values (unitless) for plutonium are 

lo3 to lo5, indicating its high potential for immobilization by soil (Allard et al., 1983). 

4.5.4 Reservoir Sediments 

The most probable risk of exposure to plutonium from site 2 is through the 

inhalation pathway. The areas of highest concentration of pluto n Great Western 

Reservoir and Standley Lake appear to be in the d ater areas where the greatest 

sedimentation rates occur. The areas of minimum ium impact appear to be the 

shallow water and shoreline areas. These near-shore locations have the greatest potential 

to expose sediments to potential reentr ent into the atmosphere; however, since the 

plutonium concentrations are at or bel e CDH ARAR for soil in these areas, the 

potential human risk via the inhalati hway would be minimal. Based on the 

information presented in this documen llowing conclusions 

1. The highest plutaniu concentrations tend to be in th 
reservoirs. This conclusion has not been definitively proved for Standley Lake 

2. The lowest plutonium concentrations tend to 
water areas of the reservoirs. 

along the shoreline and shallow 

mpling results indicat at discrete contamination layers exist at both 
servoir, and have been buried by subsequent Standley Lake and Great Wester 

sedimentation. 

The plutonium is strongly bound to the sediments and will not readily dissolve 
or migrate through the sediment column. 

It is possible that the reservoir levels may drop, exposing plutonium-containing 
sediments to drying; however, in general, this exposed beach area would produce 
a crusty, plateIike surface which would require pulverization for the sediments to 
become airborne. It is plausible that vehicular traffic could produce this 
pulverization. If reservoir levels remain low, long-term weathering could also 
eventually provide means for reentrainment. 

4. 

5. 
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Although this pathway is the only credible one for sites 200-202, it has a low probability 

of significant occurrence. Based on the above conclusions, it is determined that the no- 

action alternative for the sediment inhalation pathway presents a low hazard to the public, 

and should therefore be retained in the risk assessment. 

0 

4.6 EXPOSURE ROUTES 

Various modes of uptake, including inhalation, ingestion, and d mal contact, can lead to 

internal radiation exposure. The two primary modes tonium uptake that would lead 

to internal radiation exposure are the inhalation an tion of radioactive materials. 

Dermal contact is not a significant mode. The esti f organ burden and exposure, 

as well as of the resulting dose rates and doses, due to uptake by these pathways is based 

on the use of mathematical models which depend on many parameters. Publications ICRP 

30 (ICRP, 1979), ICRP 31 (ICRP, 1980 RP 48 (ICRP, 1986) provide the criteria 

necessary to calculate the committed e dose equivalent for both occupational 

workers and the general public. This section will show that the risk associated with the 

dermal contact and ingestion exposure routes is insignificant when co ared to inhalation. 

4.6.1 Inhalation 

The inhalation o entia1 mechanism for damage 

to the respiratory r the translocation of inhaled 

radioactive mat o other reference gans. The complexity of the biological 

phenomena which govern transmission and elimination of such material complicates the 

assessment of potential healt effects due to inhalation of radioactive material. Factors 

which must be included are: 

erosol carrying radionuclides is 

as well as a possible exposure 

1. The fractional depositio of inhaled material in the respiratory tract depends on 
properties of the aerosol size and mass distribution, chemical form, and charge, 

the breathing rate and such physiological characteristics of the lung 
as its surface properties and configuration. For the purposes of this qualitative 
risk assessment, it is assumed that 100 percent of the plutonium is available for 
uptake. In the quantitative risk assessment this assumption will be refined based 
on further evaluation. 

2. The duration and extent of the exposure depends on the biological and physical 
mechanisms which transport the deposited material and its decay products within 0 
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the body. These include the various clearance paths, the nuclide half-lives, the 
chemical form, the solubility, and the degree of retention in each reference organ 
of interest. 

3. The dose depends on the time integrals of the activity of both parent and daughter 
in the organ, the organ mass, the emitted energy of each nuclide, and the fraction 
of that energy absorbed by the organ tissues. 

Inhalation is the most common exposure route by which plutoni can cross the barriers 

of the body and penetrate into and across living cells. aerodynamic particle size of 

the aerosol, which accounts for not only the sizes of the cles but also their density and 

shape, determines the fractional deposition and sites of deposition in the respiratory tract. 

The bioavailability of plutonium adsorbed to particles often depends on this aerodynamic 

particle size. Particles with a diamet er than 5 micrometers usually become 

imbedded in the mucous of the pharynx, or bronchi. The mucous is swept up the 

respiratory tract and swallowed. The absorption efficiency of these large particles depends 

on the gastrointestinal absorpti tonium (Section 

4.6.2). Consequently, inhale cles that are subsequently ingest reduce the risk 

sure route. The subsequent rates and routes of 

clearance, the translocation to, deposition in, and rate learance from other tissues, and 

the excretion in uri article size, solubility, density, 

shape, and other ph cochemical chara onium aerosol. The biological 

half lifes in the lung are defined for vari lity classes as Days (0.5 days), Weeks 

(50 days) and Years (500 days). The ICR etermined the solubility class for various 

plutonium compounds (ICFW, 1979). T 

ciency, which is extremely low for 

0 associated with the inhalati 

and feces of plutonium depen 

Class D (days) - no plutonium compounds 
Class W (weeks) - all plutonium compounds except plutonium dioxide (PuO,) 
Class Y (years) - plutonium dioxide (PuO,) 

4.6.2 Ingestion 

The ingestion of radioactive material represents another exposure route by which 

radioactivity may be transferred internally to blood and, subsequently, to other organs. 

While a description of this route is simpler than for inhalation, due to the direct deposition 

of the ingested material into the gastrointestinal (GI) tract, treatment of the balance of the 
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biological-physical processes involved is affected by the same uncertainties of biological 

parameters as were discussed for the inhalation model. In the ingestion model the critical 
transfer mechanism is the absorption of radioactive material into the systemic blood from 

the small intestine. However, the gastrointestinal tract provides a substantial barrier to the 

uptake of plutonium ingested with food or water. Inhaled plutonium will also be cleared 

from the lungs to the gastrointestinal tract, so gastrointestinal ab tion is a consideration, 

although it is a negligible pathway in regards to risk. Valu fraction, F, (GI 

absorption factor), of ingested radioactivity transferre published. The 

DOE lists an F, value of 1.0 E-05 for Class Y plutoni 1988). This indicates 

that the ingested plutonium will not easily transfer t partments. Class Y 

plutonium refers to the solubility and body retention of the radionuclide. If ingested, Class 

Y plutonium tends to pass through the bo ith insignificant biological uptake. As stated 

previously, PuO, is considered to be ins in the body, and thus is classified as Class 

Y plutonium. This qualitative risk ass t makes the assumption that the amount of 

Class W plutonium (more soluble in th is negligible when co ed to the amount 

of Class Y plutonium found at sites 200-202 (DOE, 1988). 

a 

4.6.3 

Plutonium-239 lutonium-240 are alpha emitters nce only present a biological 

hazard if they are transferred into a biological system ermal contact exposure route 

for plutonium would involve skin cont tion and subsequent transfer into the body 

through an open wound or by ingestion. oken skin has been shown to be an effective 

barrier to the penetration of lutonium, and dermal absorption coefficients cited in the 

literature are on the order o 5 x (NRC, 1988). It is highly unlikely that soluble 

plutonium is present at sites 200-202 in a concentration that would lead to transfer through 

an open wound by s contamination. Since the GI absorption factor is 1.0 x for 

class Y (insoluble) onium, human biouptake of plutonium sediment by the dermal 

contact exposure route and subsequent GI absorption is not plausible. 

a 
’ 

These risk values are restated here to reinforce that the inhalation exposure route produces 

by far the principal hazard from sites 200-202. Because of plutonium’s low soil mobility 
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and water insolubility, the health risk associated with plutonium ingestion is insignificant ~ 

when compared to the health risk associated with plutonium inhalation. 

4.7 RISK CHARACTERIZATION 

A qualitative risk assessment is a systematic identification of potential hazards of events 

that could result in undesirable consequences, and is basically subjective. The main 

disadvantage of a qualitative approach is that it is difficult to make specific numerical 

comparisons among the risks of different events or scenarios. However, as shown in Table 

4.1, hazards can be grouped by relative importan risk categories (Le., critical, 

marginal) and linked with frequency categories (i h, moderate, low, negligible). 

Pathways and release mechanisms that have a critical importance to the risk assessment 

have a high probability of impacting Those that have a marginal 

importance have a very low probability 
receptor. 

cting a human receptor. 

4.7.1 Risk Characterization Process 

The risk characterization presented here evaluates the concentration of utonium in each 

medium, its likelihood for transport to other media, and its likelihood to impact a human 

receptor. The concepts developed in preceding se ' are utilized to determine the 

magnitude of risk bas d on the following ranking: 

1. High -- An appreciable potential unaccepta 
on historical data, physical ch 

Moderate -- It is conceivable t 
point by using maximum cre 

Low -- It is highly unlikely that an unacceptable risk to human health exists, 
using maximum credible assumptions of release mechanisms and exposure 
pathways combined with historical data, the physical characteristics of plutonium 

o human health exists based 
ristics and/or present conditions. 

2. tonium exposure could occur at the receptor 
nario assumptions. 

3. 

resent conditions. 

4. Nedigible -- The release mechanisms and completed exposure pathways do not 
exist to constitute an unacceptable risk to human health. 
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4.7.2 Physical Model 

Providing a reasonable estimate of internal radiation doses due to inhalation and ingestion 

requires that a consistent model for both the respiratory and gastrointestinal tracts be 

employed. While a large amount of theoretical and experimental work on such models has 

been done, the most widely accepted models that provide reasonable estimates of internal 

radiation doses have been those developed by members of the 

groups. 

The proposed ICRP Task Group on Lung Dynamics (TG ) model for the respiratory tract 

has been well documented. Parameters suggested for use in the model have been 

extensively reviewed and, to some extent, improved in ICRP publications (ICRP, 1979; 

ICRP, 1980). el incorporates three major respiratory 

compartments: the nasopharyngeal, the bronchial, and the pulmonary. Each of 

these major compartments is divided ompartments corresponding to various 

transfer mechanisms, which treated as essentially independent processes. In addition, 

the associated lymph node appended to the pulmonary compartment in one of the 

transfer chains. Direct deposition through inhalation occurs to the three major 

compartments , ng a function of the aerosol 

properties. Su t transfer and/or clearance is d by parameters specified for 

each subcompartmen 

The ICRP TGLD propo 

the fractional deposition in ea 

The ICRP gastrointestinal tract model o be used to calculate internal exposure as a 

result of radioactive contaminant ingestion. The model comprises a four-compartment tract 

consisting of the stomach, small intestine, and lower and upper large intestine. The times 

involved in the pass 1 through the stomach and small intestine (the only 

compartment from into the blood occurs) are negligible compared to the 

residence times associated with most Class Y compounds in the lung and can be neglected 

when considering doses due to ingestion of insoluble plutonium. 
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4.7.3 Risk From All Modes of Exposure 

The various chemical forms of plutonium are highly insoluble both in the environment and 

in the human body. Based on a review of exposure durations and modes, it appears that 

the dose equivalent is negligible and poses a very low risk pathway in the qualitative 

model. Developing these concepts in tabular form, biological uptake mechanisms from all 

release pathways can be ranked from most likely to least likely 

Exposure Route 

Inhalation 
Inhalation then ingestion 
Ingestion of sediment 
Bioaccumulation 
Dermal contact 
Ingestion of drinking water. 

The last five routes are considered neglig from a risk standpoint. In lieu of performing 

a calculation based on the con n 4.6, a qualitative comparison of pathway 

specific risk is provided by the PA, 1990). The EPA has developed the following 

media-specific concentration-based unit risk factors for age-averaged lifetime excess total 0 

The media-specific risk factors are based on standard man (155 lbs [70 Kg]) intake 
rates o f  

1 

706 ft3/day (20 m3/day) inhaled air 
0.6 gaVday (2.2 Vday) ingested liquid 
2.2 x lbs/day (0.1 g/day) ingested soil. 

These values assume that all daily media exposure is derived from contaminated airborne 

fugitive dust (706 ft3), surface water/surface runoff (0.6 gal water), and soil (2.2 x lbs) 

and that exposure occurs continuously for a 70-year lifetime. 0 
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To assess the cancer risk of exposure to an environmental pollutant such as plutonium, 

three pieces of information are requested: (1) the carcinogenic potency (unit risk factor) 

of the pollutant being considered, (2) an estimation of the airborne concentration that 

people may breathe, and (3) an estimation of the number of people exposed to those 

concentrations. The unit risk factor is a quantitative estimate of the carcinogenic potency 

and is expressed as the chance of contracting cancer from a 70-year lifetime continuous 

exposure of 1 pCi/m3 of a given radionuclide for the airborne pat ay. The unit risk factor 

listed for the air pathway is 2.6 E-02 (pCi/m3). This i tes that an estimated 2.6 excess 

cancers per 100 people exposed would develop if thi p were exposed to 1 pCi/m3 of 

plutonium for 70 years. At this airborne concentra unacceptable risk to humans 

would be produced. However, the air monitoring data reviewed indicate no discernable 

increase in airborne plutonium levels ind from Sites 200-202. The natural 

background risk of cancer death is appro 2E-01. This indicates that given a group 

of 100 people approximately 20 will die cer. The additional risk, if any, cannot 

be calculated given the limits of this qu ut can be determined in 

a quantitative assessment. How er, the added risk of plutonium expos from Sites 200- 

202 is negligible. 

These unit risk fact s use the same basic appro s other models (DOE, ICRP); 

however, the EPA u s the model to ch type of media. These risk 

factors reinforce the premise that inhala tonium (pCi/m3) has a much greater risk 

factor than from ingestion of water (p (pCi/g). Since it has been shown that 

the air pathway from sites 202 produces a negligible risk to the public, all other 

pathways must also produce 

4.8 APPLICATION OF RISK ASSESSMENT TO EACH RESERVOIR 

The reservoirs have been treated as a single unit because of the similarities of source term 

(plutonium), a single potentially significant exposure pathway (fugitive dust from sediment 

drying), and a single potentially significant exposure route (inhalation). The final criteria, 

that of exposure point, is somewhat different for each of the three reservoirs. The 

RFPamo.200 48 11 lOSl90 



following section will restate the source term, exposure pathway, exposure route, and 

exposure point for each reservoir separately. 0 
4.8.1 Great Western Reservoir 

Until recently, Walnut Creek emptied into Great Western Reservoir, which is the drinking 

water source for the City of Broomfield. At full capacity, this re oir is a maximum of 

62 ft (19 m) deep and covers 7.2 x lo6 ft2 (668,000 m2) with a me of 1.2 x lo8 ft3 

(3,430,000 m3). Except during periods of heavy rai noff the reservoir is not filled 
to capacity. at about 43 ft (13 m) depth 

covering an area of 3.2 x lo6 ft2 (294,500 m2) with a of 4.1 x lo7 ft3 (1,162,000 m3) 

(Thompson, 1975). 

More typically, the reservoir is main 

Public access to the reservoir is restri , and no recreational use of it is allowed. 

Historical data indicates that the source of plutonium present in the reservoir is from waste 

liquid discharges from holding ponds that were transported to the res voir via Walnut 

Creek. This pathway has been eliminated (Section 2.1). It is unclear i ome fraction of 

the plutonium present in the re rvoir sediments is from the airborne pathway produced by 

the 903 Pad barrel storage are n facility. However, this source 

also has been eli inated by remedial action (r 1 of contaminated soils) and 

institutional contro (construction of an asphalt pa 

the RFP main prod 

y and Hardy, 1970). 

4.8.1.1 

All of the reservoir, domestic water, and background water quality results for Great 

Western Reservoir are essentially the same within the limits of analytical and sampling 

variations. The results indicate that the sediment in the reservoir is effectively 

immobilizing the plutonium and preventing its movement into municipal drinking water. 

The reservoir water passes through a filter prior to domestic consumption, greatly reducing 

the likelihood that suspended silt containing plutonium could reach a receptor through the 

drinking water pathway. The silt is sampled for plutonium and all data indicate that 

plutonium concentrations are just above or at analytical detection limits. An extensive 

ground water monitoring system on and around the RFP has been developed. The well 
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locations were selected to intercept ground water in areas where potential contamination . 
might be expected. Well locations are near holding ponds, evaporation ponds, and creek 

beds. Monitoring wells in the buffer zone along the eastern boundary of the RFP have 

been sampled, and in no case has plutonium above background levels been detected. 

Although data are not available concerning plutonium transport from Great Western surface 

waterhediments to ground water, it can be inferred that this pathway is not plausible. This 

suggests that soiVsediment is a good medium for removing plutoniu from an aqueous 

media. Since surface water, ground water, and tap e mechanisms for 

plutonium transport in the environment, the following ays can be discounted for Great 

Western Reservoir in this qualitative risk assessment: 

Surface Water 3 Tap Water 

Populations usi 

concentrations in exces 

e not ingesting plutonium 

4.8.1.2 Reservoir Sediments 

Sediment sampling has been performed at Great Western Reservoir on a number of 

occasions (Section 2.1). The highest concentrations of plutonium were found near the inlet 

of the reservoir and along the dam where the greatest sedimentation rate has also been 

measured. Subsequewt sedimentation has buried the plutonium in a layer approximately 

12-15 inches below the top of the sediment. Since it is possible that under normal 

conditions the reservoir level could drop and expose potentially contaminated shallow water 

sediments for subsequent fugitive dust wind erosion, this pathway will remain in the 

qualitative risk assessment. 

RFPamo.200 50 11 /05/90 



4.8.1.3 Spillwav Sediments 

Spillway sediment plutonium concentrations have been measured at Great Western 

Reservoir, and the results indicate that sediments accumulating within the spillway were 

well below the 2 dpm/g (0.033 Bq/g) activity screening level adopted by CDH (Rockwell, 

1980). During periods when the reservoir is not at maximum ca , the sediment in the 

spillway is not submerged. The location of greatest depth of se is near the stop logs 

of the entrance and sediment accumulation is at minimum outheast end of the 

spillway. Although it is possible that these sediments could be the source of fugitive dust, 

the levels are below applicable ARARs. Therefore the 

LakelReservoir Sediments + Reservoir Discharge + 

0 

rface Water + Fugitive Dust 

pathway can be discounted for Great West servoir in this qualitative risk assessment. 

4.0.1.4 

No credible scenario exists wind stripping 

of the surface water. As previously, routine water quality toring at Great 

Western Reservoir indicates ificantly impacted by plutonium. 

eat Western Reservoir in this 

ould produce an exposure pathway 

Therefore, the following pathway 

qualitative risk asses 

Water + Air 

4.8.2 Standley Lake 

Standley Lake is a large body of water 43,000 acre-ft (5,300 hectare-meter) in volume, 

located approximately 2 miles ( kilom) southeast of RFP’s eastern boundary. The 

reservoir is used as a part of th unicipal water supply for the cities of Westminster, 

Northglenn and Thornton, and is capable of supporting approximately 185,000 persons. 

In addition, the reservoir serves as a recreation area. Boating, fishing, swimming, hiking 

and biking occur in and around the reservoir. 

Standley Lake receives approximately 95 percent of its water from Clear Creek via an 

irrigation ditch, a water source that has no history of plutonium transport. Woman Creek, 
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an ephemeral stream which also feeds Standley Lake, has been a pathway by which 

plutonium could migrate to the reservoir. Historical data indicates that other likely 

pathways are soil erosion within the Woman Creek watershed and windblown plutonium 

contamination from the 903 Pad area. The airborne source has been eliminated by remedial 

action (removal of contaminated soils) and institutional controls (construction of an asphalt 

pad). Although the surface water-soil erosion pathway may co ivably still exist, studies 

of Standley Lake sediments indicate that contamination is not 

4.8.2.1 Surface Waternap Water/Ground Water 

All of the reservoir, domestic water, and background ter quality results for Standley 

Lake are essentially the same within the limits of analytical and sampling variations. The 

results indicate that the sediment in the oir is effectively holding the plutonium and 

preventing its movement into municipal ng water. The reservoir water passes through 

a filter prior to domestic consumption, greatly reducing the likelihood that suspended silt 

containing plutonium could h a receptor through the drin water pathway. 

Extensive ground water monit been developed. 

The well locations were selected to intercept ground water in areas where potential 

contamination might be expected. Well locations a ear holding ponds, evaporation 

ponds, and creek be s. Monitoring wells in the buffer surrounding the RFP have also 

been developed, a kground levels been detected. 

This suggests soil/sediment is a good m for removing plutonium from an aqueous 

media. Although data are not available c ing plutonium transport from Standley Lake 

surface waterhediments to ground w can be inferred that this pathway is not 

plausible. Therefore, since suzface water, ground water, and tap water are not release 

mechanisms for plutonium transport in the environment, the following pathways can be 

discounted for Standley Lake in this qualitative risk assessment: 

wells on and around the RFP 

0 

in no case has plutonium abo 

Surface Water 3 Tap Water 
Surface Water + Ground Water 
Surface Water + Biotic Uptake 

Surface Water + Deposition 
Surface Water 3 Irrigation 

Surface Water + Infiltration 
Surface Water + Fugitive dust wind erosion 
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Ground Water + Seepage 
Ground Water + Pumpage 

4.8.2.2 Reservoir Sediments 

Plutonium concentrations in Standley Lake sediments are much lower than those found at 

Great Western Reservoir. However, this conclusion is based d sampling data. 

This source of release to the environment will remain as a pathway in the 

qualitative risk assessment since it is possible that lake level crease, exposing 
sediments potentially containing plutonium. Thes 

dust through wind erosion. 

4.8.2.3 Air 
No credible scenario exists that could pr n exposure pathway from wind stripping 

of the surface water. As stated previou ne water quali monitoring at Standley 

Lake indicates that reservoir ntly impacted ium. Therefore, 

the following pathway can qualitative risk ted for Standley Lake in 
assessment: 

Wind Stripping of Water 

4.8.2.4 Biota 

Since Standley Lake is used as a recreati esource for fishing, the Colorado Department 

of Health analyzed edible fish tissue co from the lake for the presence of plutonium 

(CDH, 1990~).  Bottom feeders, mid-level and surface predator fish were captured, and in 

a 1  cases, plutonium concentr tions in tissue from all species of fish sampled were at or 

below the lower limit of detection for this analysis. Since fish represent the highest level 

of organisms within t food chain in Standley Lake (excluding fish-eating birds and 

humans), this lack of plutonium indicates that bioconcentration of plutonium is not moving 

up the food chain at Standley Lake. 
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4.8.3 Mower Reservoir 

Very little documentation exists for Mower Reservoir. The reservoir is used for 

agricultural purposes and has restricted public access. No recreational use of the reservoir 

is known to exist. Because it is fed by a diversion from Woman Creek, this reservoir may 

have been affected by the surface water contaminants believed to have contributed to 

plutonium levels in Standley Lake sediments (Section 2.2). Plu urn from contaminated 

soils around the reservoir (IHSS 199) may impact Mower Res because current 

plutonium levels are so low at IHSS 199, it is beli impact will be 

negligible. It has been speculated that concentrations es in Mower Reservoir 

sediments should not exceed levels measured in Gr estern Reservoir and Standley 

Lake. Therefore, the same description of possible pathways and their exclusion from the 

risk model will be restated here. 

4.8.3.1 

No information is available concerning plutonium concentratioris in Mower Reservoir 

water. It is assumed for purpo f this risk assessment that the same processes which 

hold plutonium in bottom sed s and prevent contamination of reservoir water in 

Great Western Reservoir also o in Mower Reservoir. Mower 

cannot impact human receptors 

ys can therefore be discounted 

Reservoir is no as a source of drinking water 

of tap water. The following p 

for Mower Reservoir in this qualitativ 

Surface Water + Biotic Uptake 
Surface Water + Deposition 
Surface Water + Irrigation 

Surface Water + Infiltration 
Surface Water + Fugitive dust wind erosion 

Ground Water -+ Seepage 
Ground Water 3 Pumpage 

4.8.3.2 Reservoir Sediments 

No information is available concerning plutonium concentrations in Mower Reservoir 

sediments. It is possible that reservoir levels will decrease, exposing sediments potentially 
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containing plutonium. 

erosion. Since plutonium concentrations in these sediments are potentially similar to those 

found in Great Western Reservoir or Standley Lake, the reservoir sediment/air pathway will 

remain as a potential pathway in the qualitative risk assessment. 

These sediments could then create fugitive dust through wind , 

4.8.3.3 

As stated in Section 4.8.3.1, it is assumed that the same processes which prevent 

contamination of reservoir water in Standley Lake and Great Western Reservoir also occur 

in Mower Reservoir. It is considered highly unlikely Mower Reservoir water could 

contain significant amounts of plutonium-contaminated ended solids available for wind 

stripping from the reservoir surface. Therefore, the following pathway can be discounted 

for Mower Reservoir in this qualitative risk assessment: 

ter + Air 

pathways would be antified as to the 

potential exposure, and then applied to all types of populations. Commercial, residential, 

and recreational e of the land changes the type and duration of each of these exposure 

pathways, and greatly affects the numerical result of the risk assessment. 

The inherent uncertainty of a qualitative sessment does not lend itself to this type 

of detail when examining populations at various land use scenarios. The source, 

pathway analyses and release mechanisms indicate airborne inhalation of fugitive dust is 

the only significant potential pathway from sites 200-202. The population distributions 

(residential) of the 0- meter) and 10-50 mile (16-80 kilometer) radius sectors 

from the center of rovided in Figures 4-2 and 4-3, respectively, with wind 

rose overlays indicating measured wind directions, speeds and frequencies. The wind rose 

shows that the prevalent wind direction is to the east, east-southeast and south-southeast. 

Typical wind speeds range from 10-50 ft/sec (3-15 m/sec), with infrequent continuous 

speeds above 50 ft/sec (15 d s e c ) .  

RFPamo.200 55 11 I05190 



It is extremely difficult to provide any meaningful description of the populations at risk 

of exposure in a qualitative risk assessment. The wind rose/population descriptions 

presented in Figures 4-2 and 4-3 provide some indication of the magnitude of potential 

exposure. A trend in quantitative risk assessment is to measure the concentration of a 

contaminant of concern in all media sources, and then model exposure at the receptor point 

using maximum credible scenarios. All pathways described in t 

a numerical concentration value, and committed effective 

plutonium present at sites 200-202 could be calculat 

dose could also be calculated by sector using this m 

equivalent from the 

Population committed effective 

4.10 UNCERTAINTIES IN THE RISK EVALUATION 

The procedures and inputs used to asses 

in this and most such evaluations are su 

main sources of uncertainty are the foll 

1 human health and environmental risks 

wide variety of uncertainties. The five 

Inadequate sample population 
Sampling and analytical methods 
Fate and transport modeling 
Exposure estimation 

a1 data and dose response extrapol 

Errors associated with sampling and anal 

representativeness of the samples, sampl 

Although QA/QC programs serve to re 

associated with sampling and analysis. 

ors, and heterogeneity of the sample matrix. 

ese errors, they cannot eliminate all errors 

Toxicological data errors are probably the largest source of uncertainty. The EPA noted 

this in its guideline carcinogenic risk assessment: 

"There are major uncertainties in extrapolating both from animals to humans and 
from high to low doses. There are important species differences in uptake, 
metabolism, and organ distribution of carcinogens, as well as species and strain 
differences in large site susceptibility. Human populations are variable with 
respect to geographic constitution, diet, occupational and home environment, 
activity patterns and other cultural factors" (EPA, 1986). 
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The estimation of exposure requires numerous assumptions to describe the potential 

exposure situations. There are a number of uncertainties regarding the fate and transport 

of plutonium, the likelihood of exposure, the frequency of contact with contaminated 

media, the concentration of constituents at exposure points, and the time period of 

exposure. These assumptions tend to oversimplify actual site conditions. There are 

inherent uncertainties in determining the intake value when c with toxicological 

information, to assess risk. In this qualitative assessment, assumptions with 

standardized values were used. The major assumptions used in this assessment are as 

m 

fo!lows: 

Constituent concentrations remain constant over the exposure period 

Exposure remains constant over time 

Average concentrations of constitue detected are reasonable estimates of exposure 
at the exposure point 

Exposed populations re 

No dilution factor for inants is offered, and th re available for 

ver the exposure period 

100 percent biouptake 

Table 4.2 qualitatively describes the general assumptions used in the risk assessment, and 

the effects of each on the risk assessment. 

4.1 1 DATA NEEDS 

It is evident that sufficient validated field data are lacking to perform a quantative risk 

assessment of IHSS s 200-202. The following quantitative information would greatly 

increase the accuracy of any future risk assessment. Many of the data needs listed below 

have been acquired for the holding ponds and meteorological conditions at the RFP site; 

the applicability of the existing data to sites 200-202, however, has not been evaluated, and 

much of the existing data have not been validated. The first step in the data acquisition 

process, therefore, should be to evaluate the applicability of existing environmental data 

from the RFP to sites 200-202. 0 
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0 4.11.1 Physical Parameters of the Site 

Sediment parameters such as particle size, determination of sediment particle size fraction 

with which plutonium is associated, organic content, and bulk density should be 

determined. Meteorological parameters such as the frequency distribution of windspeed, 

direction and annual stability class should be collected. Maximum credible sediment and 

meteorological conditions (Le., those conditions at each site mo cive to plutonium 
transport) should be identified and calculated. 

4.1 1.2 Radiological Characterization 

The distribution and magnitude of all plutonium and americium concentrations in sediments 

at all three reservoirs should be determi diment sampling should be conducted at 

Mower Reservoir to characterize the sed olumn and assess the impact of past RFP 

releases on the reservoir. Sediment samples should be collected at Great Western 

Reservoir and Standley Lake be developed for 

the quantitative risk assew Additional sediment cores sh be collected to a determine the vertical migr plutonium in the sediment column. Data collection 

ying and possible fugitive dust 

standardized sampling procedure s 

should focus on those areas most likely to be expose 

generation from sedi ents (Le., shallow, near-shore 
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5.0 CONCLUSIONS AND RECOMMENDATIONS a 
Over thirty documents detailing studies of sites 200-202 were reviewed in preparing this 

report. These studies address different aspects of the sites and have been conducted using 

markedly different techniques. While this inconsistency in approach and technique has 

limited the usefulness of the collective data relative to IAG re irements, the following 

conclusions can be drawn from the body of available information for sites 200-202: 

The concentrations of plutonium in the sediments in areas of highest exposure 
potential (i.e., near-shore areas) of Great Wes servoir and Standley Lake are 
above background, but are below the CDH g e for plutonium in soil of 0.9 
picocurie per gram (pCi/g) (0.03 becquerel per gram (Bq/g)). The data supporting 
this conclusion, however, have not been validated. 

No data have been collected to ass utonium concentrations in Mower Reservoir 
sediments. Because general site ions and contaminant sources for Mower 
Reservoir appear similar to those t Western Reservoir and Standley Lake, 
it is expected that Mower Re:;r ment plutonium concentrations are not 
significantly different those in Great Western Reservoir d Standley Lake. 

Of the ten potential exposure pathways identified for the reservoirs, the airborne 
he only credible pathway that pathway from reentrainment of exposed sedi 

plutonium to human receptors 

Airborne plutonium concentrations measure nwind of sites 200- 
202 have remained well below the 0.02 pCi/m3 (0.0007 Bq/m3) standard set by 
CDH. 

Residential tap water derived from Standley Lake and Great Western Reservoir is 
routinely analyzed for plutonium. Results consistently indicate that plutonium 
concentrations are we1 elow CDH drinking water standards. 

Plutonium is strongly adsorbed to the clay-rich sediments typical in impoundments 
near the RFP. Studies have shown that plutonium in the reservoir sediment columns 
is effectively 

While the available data for sites 200-202 point to the above conclusions, they are not 

sufficient to support a quantitative risk assessment. To confirm these conclusions with 

quantitative data, it is recommended that additional site data, including meteorological 

parameters and sediment and air samples be collected. Further sediment sampling should 

be performed to confirm conclusions concerning plutonium concentrations and mobility in @ 
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sediments at sites 200-202. A quantitative risk assessment can then be performed to 

quantify the human health risks associated with the three reservoirs. These data collection 

activities should be integrated into future Remedial Investigation activities. 
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TABLE 2.1 
DATA SOURCES, SITES 200 - 202, ROCKY FLATS PLANT 

The following table is keyed to the Bibliography and List of References in Section 6.0. 

Data Source 

Battelle, 1974 

DOW, 1973b 

CSU, 1974 

DOE, 1980 

Dow, 1974 

EPA, 1975 

~ 

EPA, 1974 

EPA, 1973 

Rockwell, 
1988b 

Rockwell, 
1986a 

Rockwell, 
1985a 

Rockwell, 
1985b 

Rockwell, 
1981 

GREAT WESTERN RESERVOIR 

Nature of Data 

Plutonium and americium concentrations measured in 1974 in Great 
Western Reservoir and Walnut Creek sediments, in Broomfield 
tap water 

Summary of RFP sanitary sewer releases possibly affecting the 
Walnut Creek drainage within the RFP 
Plutonium concentrations measured from 1971 - 1974 in Great 
Western Reservoir sediments 

for Great Western Res 
sediments 

d Walnut Creek water and 

Plutonium concentrations measured in 1973 in Great Western 
Reservoir sediments--also inch utonium concentrations 
measured in 1974 in sediments 
believed to be unaffected by re1 

Documentation of 1974 RFP tritium release affecting Walnut Creek 
and Great Western Reservoir 

Plutonium and uraniu 
Western Reservoir a 
data for water only) 

Summary of plutonium concentrations in Great Western Reservoir 
sediments 

Reservoir and Walnut Creek water, in municipal tap waters around 
the RFP, and in Great Western Reservoir sediments 

a1 Front Range reservoirs 
m the RFP 

ncentrations measured in 1970 in Great 
lnut Creek sediments and water (uranium 

Plutonium concentrations in surface soils north, west and south of 
Great Western Reservoir 

Plutonium concentrations measured in 1983 in Great Western 
Reservoir sediments 

Plutonium concentrations in Great Western Reservoir water and tap 
water in communities around the RFP 
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TABLE 2.1 

(continued) 
DATA SOURCES, SITES 200 - 202, ROCKY FLATS PLANT 

EPA, 1973 

GREAT WESTERN RESERVOIR 

Plutonium and uranium concentrations measured in 1970 in 
Standley Lake sediments and water (uranium data for water only) 

Data Source I Nature of Data 

Rockwell, 
1988b 

STANDLEY LAKE 

Summary of plutonium concentrations in Standley Lake sediments 

ntaminants in various species of fish collected from Standley 

sediments--also includes plutonium concentrations measured in 
1974 in sediments of several Front Range reservoirs believed to be 
unaffected by releases from the RFP 
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TABLE 2.1 

(continued) 
DATA SOURCES, SITES 200 - 202, ROCKY FLATS PLANT 

~ 

I STANDLEY LAKE 

ummary of selected r 

MOWER RESERVOIR 

GENERAL DATA SOURCES 

reservoirs believed to be unaffected by 
releases from the RFP--also includes 
estimates of sedimentation rates for these 

Aerial radiological survey of the RFP 
environs, including Great Western 
Reservior, Standley Lake and Mower 
Reservoir 
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TABLE 2.1 

(continued) 
DATA SOURCES, SITES 200 - 202, ROCKY FLATS PLANT 

GENERAL DATA SOURCES 

Data Source I Nature of Data 

"Environmental Surveillance Report on 
the U.S. Department of Energy's Rocky 
Flats Plant" (published monthly by the 
Colorado Department of Health and 
presented at monthly information 
exchange meetings) 

"Rocky Flats Plant Monthly 
Environmental Monitoring Report" 
(published monthly by EG&G Rocky 
Flats, Inc.) 

Summaries of reservoir and drainage 
water quality monitoring data and air 
quality monitoring data collected in the 
environs of the RFP during the current 
month 

Summaries of reservoir and drainage 
water quality monitoring data and air 
quality monitoring data collected in the 
environs of the RFP during the current 
month 

"Rocky Flats Plant Site Environmental 
Report" (published annually since 1971 
by EG&G Rocky Flats, Inc. 
predecessors; known prior to 1988 as 
"Annual Environmental Monitoring 

Summaries of 
investigations 
on and around 
current year 

Report") 1 
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TABLE 4.2 
ASSUMPTIONS AND THEIR EFFECTS ON RISK ESTIMATION 

SITES 200-202, ROCKY FLATS PLANT 

Assumption 

ll Effect on Risk 

May Over/ 
Under- 

Estimate Risk 

Environmental Sampling and Analysis 

Systematic or random errors in 
the radiochemical analyses may 
yield erroneous data. 

Plutonium concentrations 
reported as "below method 
detection limit" are considered 
to be a non-detect data mint. 

~ _ _ _ _ _  ___ 

chemical of concern (Pu) only. 

~ 

The standard assumptions 
regarding body weight, period 
exposed, life expectancy, 
population characteristics, and 
lifestyle may not be 
representative for any actual 
exposure situation. 
- ~~ 

The amount of media intake is 
assumed to be constant and 
representative of the exposed 
population. 

Exposure to contaminants 
remains constant over exposure 
period. 

--r Moderate 
~ 

Moderate 

Moderate 
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TABLE 4.2 
ASSUMPTIONS AND THEIR EFFECTS ON RISK ESTIMATION 

(continued) 
SITES 200-202, ROCKY FLATS PLANT 

Food does not contribute to 
plutonium uptake. 

Dermal absorption of 
pluronium from soil is 
negligible. 

As sumption 

Moderate 

Low 

~~ 

Concentration of contaminants 
remains constant over exposure 
period. 

All plutonium is available for 
inhalation in respirable-size 
particles. 

For most contaminants all 
intake is assumed to come from 
the medium being evaluated, 
This does not take into account 
other contaminant sources such 
as diet, exposures occurring 
locations othe 
exposure poin 
or other environmental media 
which may c 
intake of the c 
relative source contribution is 
not accounted for). 

May Over- 
Estimate Risk 

~ 

High 

Effect on Risk 

May Under- 
Estimate Risk 

Moderate 

Environmental Parameter Measurement 

May Over/ 
Under- 

Estimate Risk 

~ ~~~ ~ 

Risks are assumed to be 
additive. Risks may not be 
additive because of synergistic 
or antagonistic actions or other 
chemicals. Moderate 
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TABLE 4.2 
ASSUMPTIONS AND THEIR EFFECTS ON RISK ESTIMATION 

(continued) 
SITES 200-202, ROCKY FLATS PLANT 

May Over- 
Estimate Risk 

I1 Effect on Risk 

Estimate Risk As sump tion 

Assumes absorption is 
equivalent across species. This 
is implicit in the derivation of 
the acceptable intakes or cancer 

Extrapolation of  toxicity d 
from species to species, and 
from laboratory animals to 
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